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April  24,  1917. 
Governor  E.  D.  Boyle,  Carson  City,  Nevada, 

Sir  :  For  some  years  past  the  Nevada  Experiment  Station  has  been 
conducting  a  series  of  experiments  known  as  Projects  1  and  2,  Hatch 
Fund.  Project  1  is  a  series  of  irrigation  experiments  intended  to  show 
the  stages  at  which  water  is  most  greatly  needed  by  the  principal  crops 
grown  in  Nevada.  Project  2 — Variety  Testing  and  Crop  Improvement — 
was  planned  to  discover  the  best  varieties  of  those  crops  which  are  best 
suited  to  Nevada  conditions.  From  these  experiments  a  very  considerable 
amount  of  information  has  been  obtained. 

In  the  present  emergency  it  has  been  become  highly  important  to 
publish  in  popular  form  a  part  of  this  information  in  the  hope  that  it 
may  be  immediately  useful.  Later  all  the  results  of  the  experiments 
will  be  published  in  full  detail  as  a  complete  bulletin  covering  the  work 
done  upon  these  projects. 

Respectfully,  S.  B.  DOTEN, 

Director. 
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FIELD  CROPS  FOR  LATE  PLANTING 


On  account  of  the  late  cold  spring,  the  preparation  of  land  for  planting 
has  been  delayed  several  weeks.  In  many  agricultural  districts  of  the 
State  considerable  acreage,  originally  planned  to  be  planted  to  wheat  or 
barley  for  grain,  cannot  be  prepared  in  time  for  these  crops  and  must, 
necessarily,  be  used  for  some  late-planted  crops.  The  present  national 
crisis  calls  for  the  cropping  of  all  possible  acreage  in  the  State  of  Nevada. 

Where  land  can  be  prepared  for  planting  in  the  early  part  of  May,  the 
cereals  can  be  grown  with  very  good  results,  although  the  yield  per  acre 
may  be  less  than  with  grain  planted  at  an  earlier  date.  Land  that  is  not 
ready  for  planting  until  the  last  of  May  or  early  part  of  June  will  pro- 
duce heavy  yields  of  the  late-planted  crops,  most  of  which  are  sown  after 
the  danger  of  late  frosts  has  passed.  Wheat  and  oats  (for  hay ) ,  potatoes, 
sugar-beets,  Sudan  grass  and  millet  are  the  important  crops  recommended 
for  late  planting  in  Nevada. 

prbparahoh  of  lahd 

Pfoiring:  Since  most  of  the  crops  above  mentioned  may  be  planted  as 
late  as  the  early  part  of  June,  several  weeks  still  remain  in  which  to  pre- 
pare large  areas  for  cropping  in  the  agricultural  districts  of  Nevada. 

Late  spring  sowing  should  generally  not  be  over  6  inches  deep,  since, 
with  the  deeper  plowing,  too  short  a  time  remains  to  prepare  a  firm  seed- 
bed and  insure  a  uniform  germination  of  the  seed.  When  the  ground  is 
plowed  early  in  the  spring  or  the  previous  fall,  the  depth  may  be  increased 
2  or  3  inches,  since  plenty  of  time  remains  for  the  seed-bed  to  become 

sufficiently  firm  for  planting.  

DI8KIH0 

As  fast  as  the  ground  is  plowed  it  should  be  thoroughly  pulverized  with 
the  disk  harrow.  This  implement  is  very  effective  in  pulverizing  the 
clods  and  at  the  same  time  packing  the  subsoil.  With  late  plowing  it  is 
sometimes  advisable  to  give  the  ground  two  or  three  extra  workings  with 
the  disk  harrow,  so  that  the  land  will  be  firm  enough  for  planting  in  a 
few  days.  If  a  roller  or  roller-pulverizer  is  available,  the  packing  of  the 
soil  will  be  accomplished  more  quickly  and  efficiently. 

HAEROWUrO 

As  soon  as  the  ground  has  been  thoroughly  disked,  follow  with  a 
smoothing  or  spike-tooth  harrow  to  prepare  a  coarse  loose  mulch  on  the 
surface.  This  mulch  prevents  rapid  evaporation  from  the  soil  and  at  the 
same  time  holds  the  moisture  near  the  surface  for  the  germination  of 
the  seed. 

LBYELINO 

Often  the  land  requires  some  leveling  after  plowing  before  it  is  ready 
to  plant.  In  such  instances  a  leveler  or  smoother  may  be  used  after  the 
disk  harrow  to  properly  level  the  land  for  irrigation.  An  efficient  leveler 
Is  easily  constructed  on  the  farm.  This  may  consist  of  two  2-inch  planks 
10  inches  wide  and  18  feet  long  with  four  2-inch  cross  planks  10  inches 
wide  and  about  9  feet  long.  This  will  provide  a  leveler  9x18  feet.  Inch 
boards  may  be  used  for  braces  and  to  provide  a  foot-walk  for  the  driver. 
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Iron  hooks  should  be  bolted  to  the  front  end  of  the  18-foot  planks  for 
the  attachment  of  the  draft. 

WHSAT  AND  OATS  AS  HAY  CROPS 

Wheat  or  oats  planted  as  late  as  June  1  will  produce  excellent  hay- 
crops,  as  sufficient  time  still  remains  for  these  grains  to  reach  the  milk 
stage  of  growth.  At  this  stage  the  crop  has  stored  the  greater  part  of 
the  food  elements  of  matured  plants,  although  considerable  of  this  food 
is  still  held  in  the  stems.  The  grain  should  be  cut  for  hay  before  it 
reaches  the  dough  stage,  otherwise  the  stems  get  too  coarse  and  are  not 
relished  by  the  stock.  After  cutting,  the  grain  hay  is  cured  and  stacked 
in  the  same  manner  as  timothy.  When  these  crops  are  grown  for  hay, 
about  90  pounds  of  wheat  and  100  pounds  of  oat  seed  should  be  sown  per 
acre. 

POTATOBS 

The  present  high  price  of  seed  and  the  shortage  of  potatoes  is  the 
important  difficulty  confronting  the  Nevada  potato-grower  this  spring. 


PLATE  No.  1 — ^A  roller-pulverizer,  a  very  efficient  implement  for  pack- 
ing the  soil  and  breaking  clods  in  preparing  land  quickly  for  late- 
planted  crops. 

It  is,  therefore,  very  necessary  that  the  available  potato  seed  cover  the 
greatest  possible  acreage  and  result  in  the  maximum  production.  An 
important  factor  is  the  treatment  of  the  seed  for  the  prevention  of  scab 
and  other  diseases.  The  following  treatment  is  recommended:  All  seed 
potatoes  should  be  soaked  in  a  solution  of  mercury  bichloride  (corrosive 
sublimate),  4  ounces  in  30  gallons  of  water,  for  one  and  one-half  hours. 
Formalin  treatment  will  not  kill  Rhizoctonia  as  completely  as  mercury 
bichloride.  The  solution  should  be  placed  in  a  wooden  barrel  or  tank. 
It  corrodes  metal.  It  should  be  poured  out  and  made  up  fresh  after  it 
has  been  used  to  disinfect  four  lots  of  potatoes.     It  is  poison  to  eat,  but 
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not  to  the  touch.  Treated  potatoes  should  not  be  eaten  or  fed.  After  the 
potatoes  have  been  treated,  they  should  be  stored  in  new  sacks  which 
have  been  similarly  disinfected  in  the  solution. 

This  year  the  entire  country  is  experiencing  a  considerable  shortage 
in  potato  seed;  thus,  all  available  potatoes  will  be  planted,  regardless  of 
variety.  The  Experiment  Station  has  tested  a  number  of  varieties  dur- 
ing the  past  four  years,  ranking  in  yielding  power  in  the  order  named : 
Great  Divide,  Burbank,  Early  Ohio,  Peerless,  Early  Russett,  Irish  Cobbler, 
Carman  No.  3,  Early  Red,  Netted  Gem,  Rural  New  Yorker,  Gold  Coin. 
Great  Divide  and  Burbank  varieties  showed  the  highest  average  yield  for 
the  four-year  period.  These  two  varieties  have  been  grown  in  Nevada  for 
many  years  and  indicate  the  value  of  well-selected  home-grown  seed  as 
compared  with  that  introduced  from  the  other  States.  The  Peerless  and 
Netted  G«m  varieties  are  grown  to  some  extent  in  the  potato  districts  of 
Nevada. 

Another  important  factor  is  the  cutting  of  the  large  potatoes  into  small 
pieces  to  increase  the  acreage  to  the  greatest  possible  extent. 


PLATE  No.  2— Irrigating  potatoes  on  the  Barrett  Ranch 
in  Mason,  Nevada. 

Catting  the  Seed. 

The  potatoes  should  not  be  cut  in  pieces  less  than  1  ounce  in  size, 
and  the  best  crops  will  be  obtained  where  the  pieces  are  from  1%  to  2 
ounces.  The  seed  piece  should  be  large  enough  to  give  the  plant  a  good 
start.  Each  piece  should  have  two  good  eyes.  Where  more  than  this 
number  of  eyes  is  present  and  also  with  pieces  2  ounces  or  more  in  weight, 
the  soil  must  be  very  fertile  and  the  seed  pieces  planted  farther  apart  in 
the  rows,  otherwise  the  percentage  of  small  tubers  may  be  too  great. 

A  good  method  to  follow  in  cutting  the  seed  is  to  begin  cutting  from 
the  stem  end,  diagonally  across  the  potato,  being  careful  to  cut  the  seed 
end  so  that  too  many  eyes  are  not  left  on  one  piece. 
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Eate  of  Seeding. 

Where  one-ounce  seed  pieces  are  used,  the  potatoes  should  be  planted 
in  rows  3  feet  apart  and  about  15  inches  apart  in  the  row.  With  two- 
ounce  seed  pieces  the  distance  apart  in  the  row  may  be  18  inches. 

The  amount  of  seed  required  per  acre  with  different  sized  seed  pieces 
is  shown  in  the  following  table: 

W^iofU,  ounce9  Pound»  afa«0d  IS  indhn  hetwtn  MUa 

1.0 720 

1.5 1,080 

2.0 1,440 

Planting. 

In  most  parts  of  Nevada  the  late  potatoes  are  planted  between  May  1 
and  20,  usually  about  4  or  5  inches  deep,  on  land  spaded  or  plowed  at 
least  8  inches  deep  before  the  1st  of  May. 

On  small  tracts  a  common  method  of  planting  is  to  plow  the  land 
shallow  and  drop  the  seed  in  every  third  furrow,  but  on  the  larger  areas' 
the  machine  planters  are  recommended. 

Irrigation. 

The  potato  rows  should  be  hilled  up  with  good  deep  furrows  between 
them,  so  that,  when  irrigated,  the  water  will  supply  the  deep- feeding  roots, 
but  will  not  come  in  contact  with  the  tubers. 

A  too  common  error  with  the  potato-grower  is  the  use  of  shallow  fur- 
rows for  carrying  the  water.  The  chief  danger  is  in  saturating  the  ground 
around  the  tubers,  causing  the  soil  to  become  hard  and  compact,  a  very 
undesirable  condition  for  the  development  of  a  good  hill  of  uniform  pota- 
toes. It  is  thus  very  important  to  use  light  irrigations  in  good  deep 
furrows. 

In  the  irrigation  experiment  with  potatoes  conducted  at  the  Experiment 
Station,  the  results  of  the  test  for  the  first  three  years  favor  the  3-inch 
irrigations  as  compared  with  6-  and  9-inch  applications.  The  most  prac- 
tical results  were  obtained  with  six  3-inch  irrigations,  or  a  total  of  18 
inches  of  water,  given  when  the  plants  showed  a  tendency  to  wilt. 

In  the  irrigation  of  potatoes,  the  best  results  were  obtained  when  the 
first  irrigation  was  withheld  until  the  plants  turned  a  darker  green  color, 
but  had  not  wilted.  This  condition  permitted  the  greatest  possible  root 
development  to  supply  the  necessary  food  for  a  maximum  crop.  Early 
irrigation,  before  the  plants  showed  any  need  of  water,  greatly  retarded 
the  proper  development  of  root  system  and  resulted  in  a  decreased  yield 
of  potatoes. 

After  irrigation  had  started,  it  was  found  very  essential  never  to  allow 
the  plants  to  suffer  for  lack  of  water  during  the  growing  season.  Where 
any  plants  wilted  slightly  after  irrigation  commenced,  the  growth  of 
the  plant  was  greatly  checked,  and  the  yield  and  quality  of  tubers  were 
seriously  affected. 

Cultivation. 

Cultivation  should  be  given  after  each  irrigation  until  the  plants  are 
so  large  as  to  be  injured  by  the  horse  or  cultivator.  Cultivation  is  just 
as  important  as  irrigation  for  success  in  potato  culture,  since  it  thoroughly 
aerates  the  soil,  keeps  down  the  weeds,  helps  to  retain  moisture  in  the 
soil  and  maintains  a  good  deep  furrow  for  irrigation.  The  soil  should 
be  kept  in  a  moist  condition  until  the  potatoes  are  fully  grown.  In  most 
of  the  potato  districts  of  Nevada,  irrigation  will  generally  cease  from 
August  15  to  31,  varying  with  the  season  and  time  of  planting. 


Digitized  by 


Google 


9  

SU0AE-BBBT8 

In  western  Nevada,  where  the  distances  from  the  factory  are  not  too 
great,  the  sugar-beet  can  be  planted  as  late  as  June  1  with  good  results. 
The  Nevada-Utah  Sugar  Company  at  Fallon  will  contract  with  the 
farmers  for  the  growing  of  beets  for  the  factory,  paying  as  high  as  $7  per 
ton  for  beets  grown  in  western  Nevada.  The  company  also  contracts  for 
all  hand  labor  required,  thus  eliminating  the  important  objection  to 
beet-growing  in  this  State.  The  following  table  gives  the  results  of  an 
investigation  at  the  Experiment  Station  on  the  date  of  planting  sugar- 
beets  : 

PLANTING  8UGAR-BBETS 
Date  cfpkmHno  Yield  per  acre,  tone 

April  16 15.29 

April  23 : 20.79 

April  30 20.36 

May  7„ : 17.22 

May  14 „ 16.17 

May  21 18.42 

May  28 ^ 14.96 

June  4 12.54 

June  11 11.00 

June  18 9.90 

June  26 8.91 

July  2 4.79 

The  results  of  this  experiment  indicate  that  beets  planted  from  April 
20  to  May  20  will  produce  the  heaviest  yields.  This  particular  season 
included  a  rather  cold  wet  spring,  which  may  be  responsible  for  the  rela- 
tively low  yield  of  15.29  tons  per  acre  with  beets  planted  on  April  15. 
The  maximum  production  of  20.79  tons  per  acre  was  received  from  beets 
planted  on  April  23.  These  results  indicate  the  importance  of  having 
all  beets  planted  before  the  1st  of  June,  since  after  that  date  a  decrease 
in  yield  from  12.54  tons  to  4.79  tons  per  acre  occurred,  the  latter  yield 
representing  beets  planted  on  July  2. 

It  is  a  general  practice  in  Nevada  to  sow  sugar-beet  seed  as  soon  as 
the  conditions  will  permit,  so  that  the  plants  can  secure  a  good  start 
before  hot  weather  approaches  and  mature  before  it  becomes  too  cold. 
This  also  gives  the  grower  an  opportunity  of  reseeding  if  the  first  crop 
becomes  damaged  or  destroyed.  However,  with  a  backward  spring,  the 
best  results  will  probably  be  obtained  by  seeding  between  the  20th  of 
April  and  the  20th  of  May.     This  experiment  will  be  repeated  in  1917. 

Sugar-beet  seed  can  be  secured  from  the  Nevada- Utah  Sugar  Company 
at  Fallon.  The  amount  of  seed  to  sow  will  vary,  with  the  locality,  kind 
of  soil  and  vitality  of  seed,  from  10  pounds  to  25  pounds  per  acre.  On 
the  light  soils,  light  seeding  is  employed,  but  on  the  clay  loams  and  clay 
soils  from  18  pounds  to  25  pounds  are  usually  sown  per  acre.  The 
average  amount  sown  in  the  beet  sections  of  this  State  is  from  15  pounds 
to  20  pounds  per  acre. 

The  seed  is  usually  sown  by  the  ordinary  four-row  force-feed  beet 
drill,  with  shoe  furrow  openers.  This  implement  will  plant  from  10  to 
12  acres  per  day.  When  a  large  area  of  land  is  to  be  planted  to  beets, 
the  seeding  should  not  be  continuous,  since  it  may  be  impossible  to  com- 
plete the  process  of  thinning  before  some  of  the  beets  become  too  large. 
Several  days  should  elapse  between  sowings,  so  that  the  thinning  may  be 
done  at  the  proper  stage  of  growth. 

The  distance  between  rows  may  vary  to  quite  an  extent  with  the 
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locality,  but  in  the  beet  sections  of  this  State  from  18  to  20  inches  is  the 
most  desirable  distance,  This  spacing  is  wide  enough  to  permit  cultiva- 
tion of  the  beets  and  the  furrowing  for  irrigation.  The  rows  should  be 
run  with  the  greatest  slope  of  the  field  and  as  straight  as  possible.  When 
beets  are  planted  too  far  apart  the  roots  will  grow  too  large,  the  develop- 
ment of  the  top  will  be  too  large  compared  with  the  root,  the  yield 
smaller,  the  sugar-content  and  purity  lower,  and  the  conservation  of 
moisture  less  than  with  close  planting. 

The  depth  of  seeding  usually  varies  from  1  to  2  inches  with  the  char- 
acter and  condition  of  the  soil.  In  the  heavier  soils  it  is  seldom  necessary 
to  plant  the  seed  more  than  1  inch  deep.  In  the  light  sandy  soils  deeper 
planting  is  practiced.  The  drills  are  often  arranged  with  press- wheels, 
which  follow  along  behind  the  shoes,  firming  the  soil  on  either  side  of 
the  seed,  but  leaving  loose  dirt  directly  over  the  seed.  Furrowing  shovels 
may  also  be  attached  for  making  the  small  furrows  between  the  rows. 


PLATE  No.  3 — ^HarveBtlng  potatoes  on  the  Truckee  Meadows.    A  very 
desirable  market  potato. 
Thinning. 

This  is  undoubtedly  the  most  tedious  process  in  the  culture  of  sugar- 
beets,  and  one  which  should  receive  the  most  careful  attention.  The 
thinning  should  commence  as  soon  as  most  of  the  beets  have  formed 
four  leaves,  and  the  work  should  be  completed  in  a  week's  time.  After 
this  period  the  roots  become  entangled  and  make  the  process  a  difficult 
one  without  injuring  the  root  of  the  remaining  plant. 

An  ordinary  short- handled  five-inch  hoe  is  used  for  cutting  out  from 
5  to  7  inches  of  beets  and  leaving  about  a  2-inch  space  with  from  3  to  5 
plants.  The  strongest  plant  in  the  bunch  is  selected,  and  the  others 
pulled  out  with  the  root«»  by  the  free  hand  of  the  laborer.  If  the  leaves 
are  removed  and  the  roots  remain,  they  will  continue  to  grow.  All  sur- 
rounding weeds  should  also  be  pulled  by  the  thinner.      This  loaves  a 
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healthy  beet  every  8  or  10  inchee  in  the  row.  In  Nevada  this  work  is 
perfonned  chiefly  by  Japanese  labor.  The  Indians  are  becoming  better 
acquainted  with  this  process  and  are  being  used  more  extensively  for  the 
hand  labor  in  connection  with  the  growing  of  the  crop.  The  beets  will 
probably  have  a  wilted  appearance  after  thinning,  and  if  this  condition 
remains  for  a  couple  of  days  they  should  have  a  light  rolling  to  pack  the 
moist  soil  around  the  roots  to  revive  them.  An  experienced  man  can 
thin  from  one-half  to  three-fourths  of  an  acre  per  day,  but  one-third  of 
an  acre  is  about  the  limit  of  the  average  man. 

CnltiTitioii. 

Cultivation  is  necessary  to  remove  weeds  and  loosen  the  ground,  so  that 
the  crop  may  get  the  full  benefit  from  the  sun,  and  the  moisture  be 
retained  in  the  soil.  When  the  ground  is  irrigated  after  sowing  to 
germinate  the  seed,  cultivation  is  necessary  to  break  any  crust  which  has 
formed  on  the  surface.     This  is  best  accomplished  by  the  use  of  the  beet 


PLATE  No.  4 — 8ndan  grass  in  the  background,  field  peas  in  the  f  ore- 
grotind.    Both  crops  do  especially  weU  in  Nevada. 

cultivator  with  the  weeding-knives  and  duck-feet  or  deer-tongues  attached . 
With  these  attachments  any  weed  growth  between  the  rows  is  destroyed 
and  the  surface  soil  is  loosened  without  any  disturbance  to  the  small  beet- 
plants.  Where  the  soil  is  lumpy,  the  use  of  shields  will  prevent  any 
injury  to  the  young  plants.  In  many  cases  where  the  ground  is  not  too 
wet,  the  roller  may  be  used  to  advantage  in  breaking  the  crust  and  mash- 
ing the  lumps,  besides  packing  the  soil  around  the  plants  and  increasing 
the  flow  of  water  up  to  the  plants.  When  the  roller  is  used  for  this 
purpose  it  should  be  followed  as  soon  as  possible  by  the  cultivator  in 
order  to  loosen  the  surface  soil  and  prevent  too  rapid  loss  of  water  by 
evaporation. 

The  cultivation   should  begin  as  soon  as  the  young  plants  begin  to 
appear  in  the   rows,  if  all  the  weeds  are  to  be  destroyed.     It  is  then 
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possible  to  kill  most  of  them  before  they  become  well  rooted.  The 
knives  and  duck-foot  are  implements  commonly  used.  They  cover  from 
10  to  15  inches  between  the  rows,  leaving  a  space  of  about  3  inches  next 
to  the  rows,  which  prevents  clods  from  rolling  onto  the  plants.  After 
thinning  the  beets  the  ground  is  packed  more  or  less  by  the  thinners 
and  cultivation  is  necessary.  Frequently  this  is  the  first  cultivation  the 
crop  receives.  A  few  days  after  this  cultivation  the  crop  should  be  given 
the  second  hoeing  to  remove  all  weeds  not  killed  by  the  cultivator  and 
to  loosen  the  soil  close  to  the  beets.  After  the  second  hoeing  the  beets 
should  be  given  the  second  cultivation,  using  the  deer-tongue  instead  of 
knives  and  going  deeper  than  the  previous  cultivation.  To  keep  the 
surface  soil  loose  around  the  beets  and  conserve  the  moisture  in  the  soil, 
the  beets  should  receive  a  third  hoeing  and  frequent  cultivation  at  inter- 
vals of  from  10  to  12  days,  until  the  plants  have  developed  large  leaves 
and  are  ready  to  lay  by.  The  depth  of  cultivation  should  be  increased 
as  the  plant  grows  larger.  As  a  rule  all  cultivation  ceases  after  85  to  95 
days  from  the  time  of  planting,  except  the  last  deep  horse  cultivation 
and  the  final  irrigation.  Since  during  the  last  period  of  growth  the 
plants  should  receive  no  irrigation,  it  is  quite  essential  to  allow  20  or 
30  days  from  the  time  of  the  last  irrigation  to  the  harvesting  period.  If 
the  crop  receives  water  in  the  form  of  irrigation  or  rainfall  during  the 
sugar-storing  period,  the  beets  begin  the  second  growth,  which  greatly 
decreases  their  sugar-cont<ent. 

Irrigation  Before  Seeding. 

In  most  of  the  beet  districts  of  Nevada  an  irrigation  is  often  necessary 
before  plowing  the  ground  in  the  spring.  This  not  only  puts  the  soil  in 
excellent  condition  to  be  worked  down  for  planting,  but  also  starts  the 
growth  of  any  weed  seeds  in  the  top  soil,  which  is  later  turned  under  in 
plowing.  This  may  supply  sufficient  moisture  to  germinate  the  seed  and 
give  the  plants  a  good  start,  but  a  safe  plan  is  to  mark  out  the  furrows 
at  the  time  of  planting,  so  that  water  may  be  applied  at  any  time  after 
planting  if  the  condition  of  the  ground  or  crop  indicates  a  shortage  of 
moisture.  The  best  stands  of  beets  have  been  secured  by  irrigating 
immediately  after  planting,  and  where  land  has  been  properly  leveled, 
so  that  water  cannot  get  out  of  the  furrows  onto  the  beets,  no  injurious 
effect?  have  been  noticed  from  this  practice. 

WHEH  TO  IRRIGATE  SUGAR-BEETS 

In  most  sections  of  this  State,  in  the  clay  loam  and  loam  soils,  from 
two  to  four  irrigations  are  usually  sufficient.  The  quality  of  the  soil, 
the  location  of  the  field,  the  slope  of  the  land,  the  subsoil,  the  rainfall, 
and  temperature  of  the  atmosphere  during  the  growing  season  are  factors 
which  will  influence  the  time  and  number  of  irrigations.  When  the  soil 
contains  sufficient  moisture  to  germinate  the  crop,  the  first  application  of 
water  should  be  withheld  as  long  as  possible,  so  that  the  roots  will  pen- 
etrate the  soil  to  considerable  depth  for  moisture.  After  the  first  irriga- 
tion a  damp  soil  is  required.  If  the  soil  becomes  too  dry,  the  growth 
will  cease,  and  the  root  becomes  soft  and  spongy.  When  this  stage  is 
reached  and  water  is  applied,  a  second  growth  sets  in,  usually  resulting 
in  the  production  of  beets  with  a  low  sugar-content  and  poor  quality. 
The  aim  should  be  to  keep  the  ground  damp  and  cultivate  frequently  to 
keep  the  moisture  near  the  plants.     During  hot  days  the  evaporation 
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from  the  leaves  of  the  beet  is  great,  and  they  may  wilt.  This  is  no  sign 
that  the  plants  require  another  irrigation,  for  the  soil  may  contain  suffi- 
cient moisture,  but  it  could  not  be  supplied  by  the  roots  as  fast  as  it  was 
being  evaporated  from  the  leaves.  It  will  generally  be  found  that  at 
night  when,  the  evaporation  has  greatly  decreased,  the  plants  assume  their 
normal  condition.  If,  however,  when  examined  in  the  early  morning 
the  plants  B,pjpeB,T  wilted  for  one  or  two  days,  the  soil  will  be  found  lack- 
ing in  available  moisture,  and  an  application  of  water  is  necessary.  There 
is  no  definite  rule  as  to  when  to  stop  irrigating,  but  it  should  cease  when 
the  beets  commence  to  turn  yellow  and  begin  to  ripen. 

Method  of  Irrigatiiig  Sogar-Beeti. 

The  important  methods  used  in  the  irrigation  of  sugar-beets  in  Nevada 
are  furrowing  and  bordering.  In  most  of  the  beet  sections  of  this  State 
the  method  of  furrowing  will  undoubtedly  give  the  best  results,  since  • 
irrigation  is  absolutely  essential  during  the  period  of  growth.  The  initial 
cost  of  this  method  and  the  cost  of  maintenance  is  small;  the  water  can 
be  easily  applied  and  kept  from  the  plants,  thus  preventing  the  soil  from 
baking  around  them.  A  loose  mulch  of  soil  is  kept  around  the  plant, 
and  by  cultivation  in  the  furrows  after  irrigation  a  relatively  small 
amount  of  water  is  lost  by  evaporation.  The  furrow  method  does  not 
interfere  with  the  work  of  planting,  cultivating,  and  harvesting  of  the 
beets,  as  in  the  case  with  checks  and  borders. 

Prodnetioii  and  Profit. 

From  the  fact  that  sugar-beet  growing  is  a  new  industry  in  Nevatla 
there  has  been  considerable  variation  in  the  production  per  acre.  The 
average  yield  per  acre  for  this  crop  in  the  beet  districts  will  not  exceed 
12  tons,  but  this  should  not  be  taken  as  a  basis  for  figuring  returns,  as  it 
represents  both  good  and  poor  farming  methods.  Where  the  proper 
methods  of  culture  have  been  carefully  followed,  the  average  yield  per 
acre  has  varied  from  15  to  20  tons. 

The  total  cost  of  growing  a  beet  crop  varies  greatly,  depending  upon 
the  amount  of  work  required  in  the  preparation  of  the  ground  for  plant- 
ing, and  whether  or  not  the  weeds  are  kept  under  control  by  cultivation 
and  hoeing.  It  averages  from  $30  to  $45  per  acre,  while  the  average 
profits  range  from  $30  to  $50  per  acre.  In  the  Fallon  district  profits  of 
over  $75  per  acre  have  been  recorded. 

For  further  information  on  beet-growing  in  Nevada,  address  Depart- 
ment of  Agronomy,  University  of  Nevada,  Reno,  Nevada. 

SUDAN  GRASS 

Sudan  grass  is  an  annual  forage  crop  somewhat  resembling  millet  in 
habit  of  growth.  It  attains  a  height  of  from  5  to  6  feet,  produces  an 
abundance  of  forage,  and  is  also  a  valuable  seed  crop.  In  the  1916  experi- 
ment it  produced  3.8  tons  of  forage,  and  1,912  pounds  of  seed  per  acre. 
These  results  indicated  that  the  crop  was  much  more  valuable  for  seed 
than  forage.  It  is  not  a  difficult  crop  to  grow  in  Nevada  for  either  seed 
or  forage.  Sudan  grass  seed  is  selling  on  the  market  this  year  at  from 
$32  to  $40  per  hundred  pounds.  This  high  price  is  due  to  the  small 
amount  of  seed  produced  annually  and  the  great  demand  for  the  same. 
Since  the  crop  is  easily  grown  and  seeds  so  abundantly,  the  tendency  will 
be  for  the  price  of  seed  to  gradually  decrease  as  the  acrejige  of  this  crop 
increases. 
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Sudan  grass  will  grow  on  all  well-drained  soils  of  Nevada,  although,  like 
most  other  crops,  it  produces  the  best  results  on  the  fertile  loam  soils. 
When  planted  in  rows  and  given  continuous  cultivation  this  crop  will 
withstand  considerable  drought.  The  planting  must  be  delayed  until 
the  danger  of  late  spring  killing  frosts  has  passed.  At  the  Experiment 
Station  the  practice  has  been  to  sow  from  the  15th  to  the  25th  of  May. 
If  the  crop  is  to  be  grown  for  forage,  the  seed  may  be  broadcasted  or  sown 
with  a  grain-drill  not  over  1%  inches  deep  at  the  rate  of  about  20  pounds 
per  acre.  When  grown  for  seed  the  planting  should  be  done  in  rows, 
about  30  inches  apart,  and  from  5  to  6  pounds  of  seed  per  acre  will  be 
suflBcient.  The  seed-bed  should  be  prepared  the  same  as  for  alfalfa  and,  if 
grown  in  rows,  the  soil  kept  in  a  loose  mellow  condition  by  cultivation. 

In  most  agricultural  sections  of  Nevada,  as  at  the  Experiment  Station, 
only  one  crop  of  hay  is  possible,  and  the  crop  is  best  cut  when  in  full 
bloom.  The  hay  crop  is  harvested  in  a  similar  manner  to  alfalfa,  but 
when  the  crop  is  raised  for  seed  it  should  be  harvested  wuth  a  binder  and 
shocked  as  with  wheat  or  barley.  By  harvesting  our  seed  crop  when  the 
first  heads  were  fully  ripe,  practically  no  loss  of  seed  was  encountered  by 
shattering.  The  seed  crop  was  threshed  with  the  same  machine  used  for 
wheat  and  barley. 

The  chief  value  of  Sudan  grass  as  a  hay  crop  in  Nevada  will  be  in  the 
dairy  districts  where  alfalfa  is  the  only  feed  used.  The  Sudan  grass  is 
relatively  low  in  protein  and  may  largely  counteract  the  digestive 
troubles  of  the  cows  that  have  been  fed  continuously  on  the  high-protein 
alfalfa  hay.  Sudan  grass,  like  most  annual  crops,  does  not  make  a 
desirable  pasture,  as  it  does  not  form  a  sod  and  is  greatly  injured  by 
tramping.  This  crop  has  not  been  used  for  pasture  at  the  Experiment 
Station,  but  it  is  claimed  that,  being  a  sorghum,  there  is  danger  of 
poison  to  stock  from  the  prussic  acid  contained  in  the  immature  plants. 

MILLET 

The  millets  do  not  grow  well  until  the  hot  weather  approaches,  but  if 
planted  in  June  or  July  they  will  make  a  hay  crop  in  from  8  to  10 
weeks.  They  are  decidedly  drought- resistant  crops  and  will  grow  well 
in  regions  of  slight  rainfall.  Millet  does  better  on  sandy  loams  than  on 
the  heavy  clays.  Since  the  seed  is  small,  the  ground  should  receive 
about  the  same  preparation  as  when  fitted  for  seeding  to  alfalfa.  The 
plant  has  abundant  feeding  roots  and  will  grow  fairly  well  on  poor  soil. 
The  same  method  of  seeding  may  be  used  as  for  alfalfa.  Twenty-five 
pounds  of  good  seed  to  the  acre  is  sufficient,  but  with  inferior  seed  twice 
this  amount  may  be  required. 

The  crop  will  be  ready  to  cut  for  hay  in  from  8  to  10  weeks  after 
seeding,  and  should  be  cut  about  the  time  the  plants  begin  to  bloom. 
If  seed  is  allowed  to  form,  the  hay  is  not  as  palatable  to  stock,  and  may 
be  actually  injurious  to  horses.  When  grown  for  seed  production,  the 
crop  should  be  cut  before  it  is  thoroughly  ripe,  to  prevent  loss  from 
shattering.  It  may  be  harvested  with  a  grain  binder  and  shocked  and 
threshed  like  the  grain.  Twenty  bushels  of  seed  per  acre  is  a  good 
yield  in  Nevada. 

The  Common  or  Foxtail  millet,  the  earliest  maturing  variety,  is  prob- 
ably the  best  for  hay  and  pasture.  The  hay  should,  however,  be  fed 
with  alfalfa  or  some  other  hay.     If  fed  in  quantity,  especially  to  horses. 
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it  is  likely  tx)  cause  serious  disorders  of  the  kidneys.  The  seed  is  seldom 
used  for  feeding  except  to  poultry,  although  it  may  be  ground  and  fed 
with  good  results  to  hogs,  cattle,  and  sheep. 

The  following  table  includes  the  results  of  investigations  by  the  Experi- 
ment Station  during  the  past  three  years  in  the  production  of  Sudan 
grass  and  millets  for  forage: 

YiUd  pmr  aw  Xiffvrao*  (,pofvmda\ 
Vwrittw  19H  1915  191$      Averao* 

Sudan  grass 2.666  7.586  5,121 

3«illet,  Siberian 6,686  3,647  6.149  6,430 

Millet,  Hog 4,251  6.168  6,210 

Millet,  Kurcb ^ 4.076  6.227  6,147 

Millet,  Common 6,427  5,136  4,881 

MiUet,  Colorado  Golden 6,646  2,237  4.681  4,121 

Millet,  Early  Fortune 4,693  2,389  4,907  3.996 

Millet,  Hungarian 2,649  4,744  3,697 


FLATS  No. 


test  of  millet  varieties,  showing  the  growth  that  is 
possible  with  this  crop  in  Nevada. 


In  this  experiment  the  Sudan  grass  and  millets  were  planted  from  May 
lotoMay  25,  in  rows  30  inches  apart,  and  about  1  inch  deep.  In  1916 
Sudan  grass  produced  3.79  tons  per  acre,  while  the  average  for  the  two 
years  was  2.5  tons  per  acre.  In  the  1916  results  all  millet  varieties  were 
surpassed  by  Sudan  grass  in  production  of  forage,  while  for  the  two-  and 
three-year  averages  the  Siberian,  Hog,  and  Kurch  varieties  showed  an 
increased  yield.  The  Siberian  is  a  variety  of  Foxtail  millet.  For  further 
information  on  these  crops,  address  Department  of  Agronomy,  University 
of  Nevada. 
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Grain  Production  In  Nevada 

CHAS.   S.   KNIGHT 
Dean  of  the  College  of  Agrriculture  and  Agronomist  in  the  Experiment  Station 

THE  CEREALS 

Of  the  cereals  wheat  oats  and  barley  are  the  chief  crops  grown, 
altho  a  small  acreage  of  rye  is  planted  each  year  on  new  land  that 
will  not  produce  a  good  crop  of  any  other  cereal.  The  rye  plant  has 
a  very  hardy  root  system  which  makes  it  better  adapted  to  the  new 
lands  that  are  very  low  in  nitrogen  and  hunuus.  Purthepmore  it 
will  do  better  on  the  light  &^ils,  and  usually  produce  a  fair  crop  the 
first  year. 

WHEAT 

In  1916  about  60,000  acres  of  wheat  were  raised  in  Nevada,  one- 
third  of  which  was  produced  in  Humboldt  County,  and  over  80  i)er 
cent  in  Humboldt,  Washoe,  Churchill,  Lyon  and  Douglas  Counties. 
Practically  aU  of  the  wheat  raised  in  Nevada  is  sold  for  milling  pur- 
poses, thus  it  is  very  important  to  produce  a  wheat  of  high  milling 
quality  which  wiU  command  the  top  price,  as  weU  as  one  capable  of 
heavy  production.  No  one  variety  has  been  found  best  suited  to  all 
of  the  wheat  sections  of  the  State.  The  yield  and  quality  of  the 
wheat  vary  greatly  with  the  amount  of  water  supplied  to  the  crop. 
This  may  be  the  result  of  excessive  irrigation  or  too  much  wiater  sup- 
I)lied  .from  a  high  water  table.  Wlien  either  of  these  conditions 
occur  the  wheat  kernels  wjII  be  soft  and  have  a  poor  milling  quality. 
However,  on  well  drained  lands  and  by  a  conservative  use  of  water, 
it  is  possible  to  produce  the  maximum  yield  of  wheat  of  excellent 
quality  for  milling.  Such  has  been  the  experience  at  the  Experi- 
ment Station  even  with  the  hard  spring  variety  of  Marquis  wheat. 
However,  where  Marquis  wheat  has  grown  on  poorly  drained  land 
with  a  high  water  table  or  on  well-drained  land  where  excesive  irri- 
gations were  given,  neither  the  yield  nor  quality  of  the  wheat  equaled 
the  cciumon  White  Club  variety  in  these  respects.  Marquis  wheat 
was  grown  at  the  Experiment  Station  imder  irrigation  for  a  period 
of  four  years  with  no  decrease  in  the  milling  quality  of  the  wheat 
from  year  to  year,  when  the  crop  received  less  than  30  inches  of 
water  with  seven  inches  or  less  at  each  application. 

TYPES   OF  V^HBAT  GItOWN   IN  NEVADA 

Common  Wheat.  This  is  the  type  commonly  grown  throughout 
the  agricultural  sections  of  Nevada  due  to  its  high  yielding  powe-r 
and  its  excellency  for  bread  making.  Both  winter  and  spring  varieties 
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are  grown,  the  winter  varietiefi  being  confined  chiefly  to  the  dry 
fanning  arean.  Most  of  the  spring  varieties  grown  in  Nevada  are 
of  the  beardless  type. 

Turkey  Red  and  Gold  Coin  are  the  varieties  of  winter  wheat 

eommonly  grown  in  Nevada.       Turkey  Red,   a  hard  red  wheat,  i» 

grown  chiefly  in  the  dry  farming  regions  while  Gold  Coin,  a  medium 

hard  or  soft  white  wheat,   is   confined  principally  to  the  irrigated 

■ections. 


Wheat  from  left   to  risTht 


1.  Colorado    No.    60    <Wyo.) 

2.  Defiance    (Colo.) 

3.  Blues  tern     (Wash.) 


4.  New    Zealand    (Colo.) 

5.  WThite   Club    (Utah) 
6      Marquis    (Nev.) 


The  winter  varieties  should  be  planted  in  the  fall  and  the 
growth  of  plant  started  before  the  ground  freezes.  When  winter 
wheat  is  planted  in  the  spring  by  mistake,  the  plants  will  simx)ly 
stool  out,  spread  leaves  over  the  surface  and  wait  until  the  next  sum- 
mer before  maturing  a  crop  of  grain,  the  use  ot  the  ground  being 
lost  for  one  year. 

Club  Wheat.  This  type  is  sometimes  called  Hedgehog  or 
Dwarf  wheat.  It  is  characterized  by  a  short  compact  dub-ahaped 
head  and  a  short  stiff  straw,  and  may  be  bearded  or  bealrdless.  Th)e 
grain  does  not  lodge  or  shatter  to  any  extent  when  ripe.  This  is 
very  popular  in  the  large  wheat  sections  of  Nevada  where  the  com- 
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bined  harvester  and  thresher  can  be  used.  The  kernels  are  gener- 
ally rather  soft,  never  having  the  flinty  texture  of  the  hard  spring 
wheat,  and  are  usually  Mended  with  the  harder  wheat  for  the  man- 
nfacturing  of  good  bread  flour. 

Durum  Wheat.  This  type  is  often  called  Macaroni  wheat. 
The  fi^ikes  or  heads  are  more  heavily  bearded  than  on  Common 
wheat,  and  the  plants  somewhat  resemble  barley.  The  kemds  are 
large,  glossy  and  very  hard,  containing  less  starch  than  the  Common 
wheat.  It  is  used  to  some  extent  lor  bread  flour,  but  its*  chief  use 
is  in  the  manufacturing  of  macaroni.  It  is'  necessary  to  sow  more 
seed  per  acre  with  Durum  than  with  Common  wheat  from  the  fact 
that  the  Durum  wheats  do  not  stool  as  well.  In  Nevada  the  Durum 
wheats  yield  less  but  withstand  the  alkali  better  than  the  Common 
varietiea 


Method   of   tcBtlngr   varieties   of   amaU  graliiR    in    rows,    Nevada    Experiment 

Station 


INVESnOATIONS    WITH  WIHBAT   VARIETIES 

The  following  table  gives  the  average  results  of  an  investigation 
•>f  wheat  varieties  for  1914,  1915  and  1916. 
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In  this  test  a  study  was  made  of  the  nuiniber  of  heads  per  stool, 
height  of  plants  at  harvest,  the  average  number  of  grains  per  head 
and  the  yield  of  storaw  per  acre,  but  the  variation  in  these  factors 
was  about  the  Mme  with  the  high  as  with  the  low  producing  varieties. 

Of  tJie  eight  highest  producing  varieties  for  the  three-year  per- 
iod White  Club,  Bluestcm,  Marquis,  Minnesota  Fife  and  White  Aus- 
tralian have  shown  special  adaptability  when  grtowTi  under  irrigation 
in  Neva-da.  Altho  the  White  Club  was  the  highest  yielder,  the  value 
per  acre  w^as  less  thtan  that  of  Marquis  or  Blucstem  on  account  of 
its  inferior  quality  for  milling. 


M.irfjMt.«»   whoat   producing   over   40    bushels    per    acre    with      four     sovcn-jnch 

irrip:ati<»:i.<« 


On  the  well-drained  valley  lands  of  the  State  the  Blue^^tcm,  ]Mar- 
quis  and  Defiance  proved  to  be  the  best  varieties  that  were  grown  on 
large  areas  in  Nevada.  The  Bluestem  wheat,  the  seed  of  which  was 
secured  fr^m  Washington,  produced  a  white  flour  with  a  high  gluten 
content  of  excellent  quality.  The  Msirquis  seed  was  secured  from 
i^Iontana.  It  produced  a  red  wheat  with  short,  broad  kernels.  It 
is  ver>'  similar  to  the  Turkey  Red  hard  winter  wheat  for  milling,  and 
in  the  local  milfe  is  replacing  Turkey  Red  wheat  which  is  shipped 
into  the  State  in  large  qiwntities  each  year  from  Kansas  and  adjoin- 
ing states  to  be  mixed  with  the  ^ft  club  wheat  of  Nevada  fdr  the 
manufacture  of  flour.  The  Marquis  wheat  sold  to  the  mills  in  Nev- 
ada has  conmianded  about  the  same  price  as  the  Turkey  Red  variety. 
If  it  maintains  its  hard  kernel  with  high  milling  (juality,  this  variety 
will  be  a  valuable  wheat  for  the  farnners  of  the  State. 


Digitized  by 


Google 


10 


GRAIN   PRODUCTION   IN   NKVADA 


Marquis    wheat    planted    as    a    nurse  crop    with    alfalfa    at    the    University 

Farm 

On  the  poorly-drained  valley  lands  or  on  the  humus  soils  the 
White  Australian  and  White  Club  varieties  have  given  the  best  re- 
sults. Where  the  Bluestem  and  Marquis  varieties  were  grovm  on 
the  humus  soils  with  a  high  water  table  in  the  lower  Humboldt 
valley?  not  onl}'  the  yield  but  also  the  quality  of  the  wheat  for  mill- 
ing was  inferior  to  that  of  the  White  Australian  and  White  Olub. 
Very  little  difference  waa  noted  in  the  yield  of  the  last  two  varieties 
under  these  donditions  but  the  quality  of  the  White  Austlralian  for 
milling  was  superior  to  that  of  White  Club.  It  was  noted,  however, 
where  the  wheat  was  allowed  to  stand  on  the  ground  for  several 
weeks  after  it  had  fully  matured,  the  shattering  of  grain  was  greater 
with  White  Australian.  The  Bluestem  variety  is  excellent  in  this 
respect  in  that  it  shattears  very  little  for  several  weeics  after  it  has 
ripened.  When  sold  as  a  milling  wheat,  the  White  Australian  was 
the  more  valuable  of  the  twK)  varieties. 

In  the  test  for  the  last  two  years  the  Galgaloc^  Fife,  New  Zealand 
and  Defiance  were  the  highest  producers.  The  two  former  varieties 
will  be  tested  under  field  conditions,  however,  before  they  are  recom- 
mended to  the  growers. 

WHEAT   SOILS 

Soil.  Although  wheat  is  grown  on  a  very  wide  range  of  soils, 
it  produces  the  best  crop  in  Nevada  on  the  rather  heavy  fertile  land. 
Some  of  the  lighter  soils  produce  good  crops  of  wheat,  but  they  are 
better  suited  to  lye  and  barley.  Wheat  is  well  adapted  to  those 
soils  that  produce  excellent  orops  of  the  cultivated  grasses.    The  soil 
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loaj  greatly  affect  the  yield  of  wheat,  but  has  little  influenoe  on  the 
qualify  ol  grain.  Although  wheat  cannot  withstand  any  large 
amoimt  of  alkali  in  the  soil,  it  has  been  found  to  produce  excellent 
erops  of  grain  on  soils  fidightly  impregnated  with  the  salt. 

Alkali  Soils.  In  many  of  the  irrigated  districta  of  Nevada, 
large  areas  of  land  are  impregnated  with  injurious  quantitieB  of  al- 
kali salts.  The  harmful  effect  of  alkali  in  the  production  of  wheat 
will  depend  upon  the  kind  of  alkali,  wheliher  black  or  white;  the 
amount  and  distribution  of  alkali  in  the  soil;  and  the  flfystem  of 
drainage. 

Kind  of  Alk^vli.  Black  alkali  is  a  strong  corrosive  which 
destroys  the  plant  tisERie  and  affects  the  textixre  of  heavy  soils,  mak- 
ing them  more  compact  and  in  some  cases  impervious  to  water.  This 
salt  is  composed  chiefly  of  carbonate  of  soda,  one-twentieth  of  one 
per  c^it  of  which  will  affect  the  growth  of  most  orops.  By  contin- 
uous applications  of  gypsum  to  the  soil,  the  black  alkali  may  be  con- 
verted into  a  leas  injurious  salt  which  causes  the  soil  to  be  less  com- 
pact,  thus  permitting  better  drainage.  This  is  practicable  only 
where  land  is  sufficiently  valuable  and  gypsum  is  inexpensiva 

White  Alkali  is  more  abundant  in  most  localities  than  the  black 
alkali  and  is  less  injurious.  The  white  alkali  salts  are  not  corrosive, 
but  when  fully  taken  up  by  the  plant  they  seriously  affect  its  nu- 
trition. 


Wheat   rrown   on   land   containing  too  muf*h    white    alkali 

How  Alkau  Affects  the  Wheat  Plant.  An  accumulation 
of  salts  at  the  surface  during  the  period  of  seed  germination,  which 
might  seriously  injure  the  stand  of  many  crops,  may  not  prove  in- 
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jurious  to  these  same  crops  after  their  plant  roots  have  attained  con- 
siderable growth  and  have  become  well  established  in  the  soil  below 
tht3  concentrated  solution  of  salta  For  this  reason  seed  should  be 
planted  so  that  the  germination  may  oocur  immediately  after  an 
irrigation  or  a  heavy  rainfall,  which  will  dilute  the  soil  solution  near 
the  surface  and  allow  the  roots  to  go  down  into  the  soil  before  this 
solution  becomes  concentrated  by  evaporation. 

Reclaiming  Ai-kali  Land.  Drainage  is  one  of  the  most  im- 
portant factors  to  be  considered  in  the  reclamation  of  alkali  land. 
The  most  praotieal  method  of  removing  the  alkali  salts  from  land 
is  by  continuous  flooding  and  drainage.  This  is  often  impossible 
for  an  individual  farmer  until  a  co-operative  drainage  sjistem  is 
established  in  hi&  region.  In  reclaiming  the  heavy  soils  there  is 
danger  of  impairing  the  texture  by  continuous  flooding,  which  causes 
the  soil  to  puddle.  The  growth  of  certain  crops  during  this  process 
may  prevent  to  a  large  extent  this  puddling,  provided  the  land  is 
favored  with  a  good  drainage  sys^tcm  or  immediate  outlet  for  this 
excess  of  water.  If  proper  drainage  is  not  present,  this  condition 
is  usually  associated  with  a  high  water  table,  which  is  especially  un- 
favorable to  deep-rooted  crops  like  alfalifa  and  sugar  beets,  and  by 
continuous  irrigation  the  accumulation  of  alkali  salts  at  the  £«arface 
prevents  the  growth  of  shallow-rooted  crops,  like  wheat  and  the 
graases. 

Amount  of  Alkali  Wheat  Can  Withstand.  Wheat  will  not 
do  wdl  where  mo(re  than  one  per  cent  of  the  dry  weight  of  the  soil 
consists  of  alkali  salts  while  with  less  than  .6  per  cent  of  salts  a  good 
crop  can  be  produced.  However,  with  the  presence  of  over  .5  per 
cent  of  salt  in  the  top  soil  at  seeding  it  is  usually  impossible  to  se- 
cure a  uniform  &tand  of  grain.  Certain  experiments  indicate  that 
barley  and  r>'e  are  more  resistant  to  alkali  than  wheat,  but  investi- 
gations in  Nevada  show  little  difference  in  the  resistant  powers  of 
these  grains  to  alkali.  It  has  been  noted,  however,  that  with  over 
.4  per  cent  of  alkali  in  the  soil,  the  heads  of  grain  are  usually  not 
well  filled  and  the  grain  is  slightly  shriveled. 

Growth  of  the  Wheat  Plant.  The  growth  of  the  wheat  plant 
ih  influenced  greatly  by  the  presence  of  moisture  in  the  soil.  A  large 
amount  of  water  is  required  to  bring  the  plant  to  maturity.  In  one 
season  an  acre  of  wheat  will  exhale  an  amount  of  water  equal  tto  a 
layer  over  the  entire  surface  about  one  and  one^ighth  inches  deep. 
If  there  is  a  shortage  of  water  in  the  soil  during  the  growth  of  the 
crop,  the  oldest  leaves  and  those  at  the  lower  end  of  the  stem  are  the 
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first  to  wither.  Thus  aJl  available  nourishment  in  lie  leaves  and 
stem  is  taken  to  the  upper  part  of  the  plant  to  brin^  the  grain  as  far 
as  possible  to  maturity.  This  condition  is  very  noticeable  in  the  dry 
farming  districts,  where  the  crop  is  stunted  in  growth  due  to  lack 
of  rainfall,  when  the  seed  is  forming.  SomiCtimes  a  crop  of  shriveled, 
poorly  filled  grain  is  matured  on  plants  not  over  twelve  inches  high. 
If,  on  the  other  hand,  too  much  water  is  furnished  the  crop,  the  ten- 
dency is  for  the  leaves  and  steins  to  keep  on  growing  and  generally 
to  decrease  the  yield  o£  grain. 

Experiments  conducted  with  wheat  under  irrigation  at  the  Nev- 
ada Station  show  that,  when  the  crop  reaches  the  boot  stage,  or  when 
the  heads  are  forming,  the  plant  has  accumulated  over  three-fourths 
of  the  nitrogen  and  mineral  elements,  but  the  starch  is  formed  chief- 
ly during  the  latter  half  of  the  period  of  growth.  From  the  fact 
that  the  plant  food  constituents  are  being  taken  up  through  the 
plant  to  the  kernels  until  the  grain  has  matured,  it  is  very  important 
to  harvest  the  crop,  when  used  for  hay  about  the  time  it  is  tumins: 
from  the  milk  to  the  dough  stage,  so  that  the  leaves  and  stems  will 
be  well  supplied  with  nourishment  and  palatable  to  livestock.  Wheat 
usually  requires  from  ninety  to  one  hundred  and  ten  days  after 
planting  to  mature  a  crop  of  grain  in  the  important  wheat  districts 
of  Nevada. 

CULTURAL   METHODS 

Preparing  Sagebrush  Land  For  Wheat.  In  the  preparation 
of  sagebrush  land  the  most  difficult  and  expensive  operation  is  that 
of  removing  the  brush.  When  possible,  this  is  most  easily  accom- 
plished by  burning.  By  this  process  it  is  poesible  to  remove  the 
brush  from  several  acres  a  day  when  the  wind  is  favorable. 
When  done  by  hand,  one-half  an  acre  a  day  is  the  average  work  of 
one  man.  Wlien  the  brush  is  not  thick  and  does  not  grow  very  high, 
the  ground  may  be  cleared  sufficiently  for  plowing  by  railing  the 
brush.  This  a  rapid  method  of  removing  the  brush,  but  does  not 
prove  satisfactorv  where  the  brush  is  thick  and  high.  The  sagebrush 
grubbers  or  machines  give  very  good  satisfaction  when  suffi(iSent 
power  can  be  applied;  however,  in  thick  bnish  they  do  not  work 
well  unless  operated  by  an  engine. 

The  newly  cleared  ground  should  be  plowed  to  a  depth  of  eight 
or  ten  inches.  This  will  bring  all  sagebrush  "roots  to  the  surface,  and 
will  al^  make  a  reservoir  deep  enoug'h  to  catch  all  of  the  rainfall. 
I>eep  plowing  is  one  of  the  most  essential  factors  in  preparing  the 
seed  bed,   generally  the  one  neglected  by  the   farmer.      Without  a 
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deep  seed  bed,  it  is  diflfieult  to  stxxre  all  of  the  water  from  the  mm 
and  snow.  In  this  State  it  is  most  desirable  to  plow  in  the  late  fall, 
since  the  greater  portion  ot  the  rainfall  and  snow  comes  during  thtt 
winter  and  early  spring  months,  and  in  a  rough  condition  the  plowed 
ground  is  prepared  to  eatch  all  of  the  precipitation. 

After  the  newly  cleared  ground  is  plowed  the  sagebrush  rooti 
should  be  removed  immediately ;  that  is,  the  same  day,  with  spring 
plowing,  since  it  is  impossible  to  properly  pack  the  soil  that  contains 
these  roota  For  this  purpose  the  alfalfa  cultivator  is  a  very  use- 
ful implement,  especially  with  large  roots.  Where  the  roots  are 
small  and  easily  separat/^d  from  the  soil,  the  common  smoothing 
harrow  or  hay  rake  may  be  used.  Fall-plowed  ground  that  is  cleared 
of  roots  is  best  left  in  the  rough  condition  until  spring,  when  the  disk 
harrow  should  be  used  as  soon  as  the  ground  can  be  worked,  and  this 
followed  iminediaetly  by  the  smoothing  harrow. 


Reversible    op    Two-way    Plow,    an    excellent    Implement    in    preparing:    land 
for  srrain,   since   it  leaves  no  dead  furrow 

Plowing.  Both  fall  and  spring  plowing  are  practiced  in  pre- 
paring the  ground  for  spring  wheat,  but  fall  plowing,  since  the  soil 
is  exposed  to  the  freezing  and  thawing  weather  which  aids  in  break- 
ing up  the  soil,  is  most  destructive  to  weeds  and  insects  and  is  the 
most  economical  in  farm  practice.  For  winter  wheat  the  ground 
should  be  plowed  as  soon  after  harvest  as  is  practicable.  This 
allows  the  soil  to  become  compact  before  seeding  and  destroys  the 
weeds  before  they  ripen  their  seed. 
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Knife    or    "Acme"    Harrow 


Where  dry  farinint?  is  practiced,  aa  soon  as  the  crop  is  removed 
the  ground  should  be  disked.  It  is  usually  not  possible  to  plow  for 
acfveral  weeks  later  and  this  diskinj^  breaks  up  the  surface  crust  which 
has  formed  during  the  summer  and  prevents  further  rapid  loss  of 
water  by  evaporation.  The  ground  may  also  be  plowed  more  easily 
and  perfectly  when  the  plow  follows  the  disking.  If  the  ground  is 
too  dry,  it  should  not  be  plowed  at  this  time,  as  the  ground  will  be 
left  rough  and  lumpy.  Care  should  also  be  taken  not  to  plow  the 
ground  when  too  wet,  since  it  is  likely  to  form  a  hatd,  dry  crust  on 
the  surface.  The  depth  of  plowing  should  not  be  less  than  four 
inches,  nor  more  than  eight  inches.  It  is  seldom  necessary  to  plow 
more  than  six  inches  as  the  extra  deep  plowing  seems  to  affect  the 
>ield  of  fttraw  more  than  the  yield  of  grain. 

Where  wheat  is  grown  in  the  dry  fairming  areas,  the  seed  bed 
should  be  deep  and  well  cultivated,  so  that  it  will  have  a  sufficient 
water-holding  capacity  to  catch  all  of  the  moisture  from  the  rain- 
.fall.  Where  the  conditions  are  such  as  to  permit  deep  plowing,  one 
plowing  is  often  sufficient;  otherwise  two  plowings  will  be  necessary 
to  furnish  a  sufficiently  deep  seed  bed  of  loose  earth. 

The  object  of  cultivation  is  not  only  to  furnish  a  reservoir  for 
moisture,  but  also  to  prevent  the  loss  of  this  moisture  from  the  soil 
by  evaporation.  Since  the  greater  part  of  the  precipitation  in  arid 
regions  comes  during  the  winter  and  early  spring  months^  the  ground 
should  be  put  in  a  more  or  leaf*  rough  condition  in  the  fall  to  catch  the 
snow  and  rain,  and  also  to  prevent  any  great  loss  of  soil  from  blowing. 
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Ground  that  is  in  a  ^rmootJi  condition  in  the  fall  should  be  disked. 
Ground  that  has  been  fall-plowed  is  in  good  shape  to  absorb  moisture. 
Land  that  lies  rough  does  not  freeze  as  land  which  lie&  smooth,  and 
it  also  thaws  out  quicker. 

Preparing  the  Seed  Bed.  Wheat  requires  a  finely  pulverized 
well-firmed  seed  bed.  If  the  land  has  not  been  plowed  several  we^s 
before  the  time  of  sowing,  the  roller  or  packer  should  be  used.  This 
fills  the  spacer*,  breaks  the  large  clods  and  puts  the  soil  in  a  good  con- 
dition to  draw  the  moisture  from  below,  which  insu*re&  a  rapid  and 
uniform  germination  of  the  seed.  The  roller  should  be  followed  im- 
mediately by  the  smoothing  harrow  which  will  prevent  a  crust  from 
forming  on  the  surface  and  also  rapid  loss  of  water  by  evaporation. 
If  a  roller  is  not  accessible  a  common  leveler  or  planker  will  prove 
valuable  in  filling  the  low  places  and  breaking  the  clods.  Pall  plow- 
ing usually  does  not  require  any  rolling  or  packing  in  the  spring. 
Disking  and  harrowing  generally  provide  sufficient  cultivation  for 
a  good  seed  bed. 

Seeding.  The  depth  of  sowing  depends  largely  upon  the  kind 
of  soil  and  its  physical  condition.  When  the  soil  is  moist  near  the 
surface,  it  is  not  necessary  tx)  place  the  seed  below  one  to  one  and 
one-half  inches  deep,  but  if  the  soil  is  loose  and  dry,  deeper  seeding 
is  re<iuired.  I^sually  the  wheat  is  sown  from  one  to  three  inches 
deep. 

In  dry  farming  areas  of  Nevada  when  planting  winter  or 
spring  grainb.  it  is  a  common  practice  to  drill  the  seed  deep  enough 
to  rerjch  sufficient  moisture  to  insure  germination.  From  the  faet 
that  winter  precipitation  is  generally  assured,  it  has  been  found  de- 
sirable to  plant  fall  grains  not  over  four  inches  deep.  If  sufficient 
moisture  is  not  pi-esent  at  this  depth  for  ge!rmination,  the  seed  i» 
generally  sprouted  by  later  precipitation  and  the  roots  are  well  es- 
tablished in  the  soil  before  the  spring  growth  begins.  When  seed  is 
planted  less  than  three  or  four  inches  deep,  the  young  plants  aoon 
make  their  appearance  above  the  surface  and  the  leaves  provide  for 
rapid  development  of  tops  and  roots,  thus  assuring  a  uniform  stand 
of  the  crops. 

In  the  important  winter  wheat  sections  of  Nevada  most  of  the 
grain  is  planted  during  the  month  of  September.  Spring  wheat  is 
generally  fown  as  soon  as  the  seed  bed  can  be  properly  prepared  iu 
the  spring  This  gives  the  plants  opportunity  to  use  all  available 
moisture  in  the  soil  and  to  better  resist  attacks  from  disease  and  in- 
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sect  enemies.  In  some  of  the  irrigated  districts  of  NevBda,  the 
spring  wheat  is  sown  in  February  and  March  to  make  use  of  the 
early  spring  water. 

The  amount  of  seed  to  sow  per  acre  varies  greatly  with  the  con- 
dition of  the  seed  bed  and  the  type  of  farming.  A  well  prepared 
seed  bed  ean  stand  a  heavier  seeding  than  one  left  in  a  rough,  cloddy 
f(«dition.  In  the  irrigated  districts  usually  seventy-five  to  ninety 
pounds  per  acre  give  the  best  returns. 

In  dry  farmini»  less  seed  is  re<(uired  per  acre.  The  rate  of  seed- 
ing crops  for  dry  farming  varies  somewhat  with  the  locality,  but 
the  general  practice  is  to  sow  about  one-half  as  much  seed  as  is  used 
under  irrigation. 

The  two  general  methods  of  sowing  wheat  are  broadcasting  and 
ilriUing.  Broadcasting  may  be  done  either  by  hand  or  machine,  but 
this  method  is  not  as  satisfactory'  at*  drilling,  which  distributes  the 
A'heat  more  uniformly  and  plants  it  at  a  more  uniform  depth.  By 
the  latter  method  the  wheat  is  also  placed  down  in  moist  soil  which 
insures  germination  and  it  not  so  easily  killed  by  freezing  and 
heaving. 

TREATMEa^T  OF  WHEAT  FOR  SMUT 

Formalin  may  b<*  secured  from  any  reliable  druggist.  Make 
np  the  solution  by  mixing  one  pint  of  formalin  (40  per  cent  solution 
of  formaldehyde)  to  40  gallons  of  water.  Put  the  grain  to  be  treate<l 
in  sacks,  about  a  bushel  to  a  sack,  then  dip  each  sack  into  the  barrel 
'Hintaining  the  solution  ^nd  allow  it  to  remain  from  7  to  10  minutes. 
Move  the  sack  up  and  doAvn  in  the  solution  several  times  so  as  to 
make  sure  that  all  the  grains  are  thoroughly  wet.  Then  lift  the  sacks 
and  allow  the  solution  to  drain  out,  after  which  pile  the  sacks  of 
treated  grain  together  and  cover  with  baprginer  or  canvas,  or  pour 
the  treat<Hl  crrnin  in  a  pile  out  upon  a  clean  floor  and  cover  with  bags 
or  canvas  from  12  to  24  hours.  Finally  spread  the  grain  thinly 
over  a  clean  floor  to  dr>'.  The  object  of  covering  the  grain  for  such 
a  long  period  after  treatment  is  to  prevent  the  formaline  from  evap- 
orating, so  that  it  will  keep  in  coiitact  with  the  grains  lonir  ononijh 
to  kill  the  smut  spores. 

A;fter  this  treatment  the  gi*ain  should  be  dried  as  rapidly  as 
possible  to  prevent  sprouting.  When  thoroughly  dry,  the  grain 
should  be  put  in  clean  bins  or  sacks,  so  as  not  to  be  again  expose<l 
to  the  disease.  Sacks  and  bins  may  be  disinfected  by  washing  with 
a  formalin  solution,  using  one  pint  of  formalin  to  10  gallons  of 
water. 
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Copper  Sulphate  or  Bluestone  Treatment.  Uee  one  pound  of 
orystalized  commercial  copper  sulphate  or  bluestone  to  25  gallons 
of  water,  and  immerse  the  grain  12  hours,  stirring  occamooally; 
then  immerse  for  a  few  minutes  in  lime  water,  using  one  pound  of 
good  slacked  lime  to  10  gallons  of  water  to  avoid  injury  to  the  germ- 
ination of  the  seed.  The  copper  sulphate  treatment  may  also  bo 
applied  as  with  the  formalin  by  immersing  the  seed  for  10  minutes, 
piling  in  a  clean  place,  covering  with  bags  or  canvas  for  12  to  24 
hours,  as  explained  above. 

Test  Seed  Fob  Germination  Befori:  Planting.  Wheat  one 
year  old  often  givfs  a  better  germination  test  than  fresh  seed,  but 
after  the  first  year  the  grain  diminishes  in  vitality  from  year  to 
year.  Wheat  has  been  known  to  be  viable  after  ten  years,  but  it 
is  not  advisable  to  sow  wheat  after  two  or  three  years  without  firs»t 
testing  it  for  germination  which  often  varies  from  fifteen  to  seventy- 
live  per  cent.  A  simple  method  of  testing  seed  for  germination  is 
to  plant  the  kernels  between  folds  of  cloth  or  Uotting  paper,  one 
end  of  which  is  placed  in  water  so  tlmt  the  moisture  is  supplied 
through  capillarity.  The  germination  should  be  kept  at  the  oi-din- 
ary  room  temperature  and  never  allowed  to  fall  below  50  degrees  F. 

In  giving  wheat  the  ooppor  sulphate  treatment  for  smut  the 
viability  of  the  seed  is  often  impaired,  especially,  if  the  seed  is  not 
washed  in  lime  water  atter  it  has  been  taken  itrom  the  copper  sul- 
phate solution. 

Cultivation.  In  the  irrigated  districts  wheat  is  seldom  culti- 
vated after  it  is  sown,  but  where  dry  farming  is  practiced  it  becomes 
necossarv  to  harrow  the  crop  at  various  intervals  until  it  is  about 
six  inches  high  to  kill  all  weed&  and  preserve  a  mulch  on  the  surface 
to  prevent  evaporation. 

The  cultivation  of  spring  wheat  after  it  is  up  has  not  been  a 
common  practice,  since  in  many  casee  it  ha&  been  found  detrimental. 
Winter  wheat  is  often  rolled  in  the  spring,  where  there  is  much 
heaving  of  the  soil,  so  that  the  soil  may  be  packed  about  the  roots. 
Sometimes  early  sprini?  harrovving  is  resorted  to  in  order  to  break 
up  the  hard  crust  which  has  formed  during  the  winter  and  to  keep 
a  loose,  dry  mulch  on  the  surface  to  conserve  the  moisture.  Late 
harrowing  and  late  rolling  are  often  injurious. 

In  the  dry  farming  districts,  the  usual  practice  is  to  give  the 
field  a  cultivation  after  planting  with  the  spike-tooth  or  smoothincr 
harrow,  running  at  right  angles  to  the  direction  of  the  drill,  and  set 
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ting  the  harrow  teeth  at  an  angle  of  about  forty-five  degree&  so  that 
the  seed  will  not  be  disturbed.  If  a  corrugiated  sub-sunface  packer 
can  be  obtained,  a  more  unifoT*m  germination  of  the  seed  will  be  as- 
sured, if  the  field  is  packed  with  this  implement.  No  more  cultiva- 
tion should  be  given  until  the  grain  is  four  or  five  inches  high.  The 
grain  crops  seldom  require  more  than  thtree  or  four  cultivations, 
each  of  which  generally  occurs  after  a  rainfall,  to  break  up  any  crust 
which  may  form  on  the  surface,  and  thus  conserve  the  moisture  in 
the  soU.  When  the  grain  has  reached  the  height  of  twenty  inches, 
the  ground  is  well  shaded  and  no  further  cultivation  should  be  given. 

Summer  Fali/)winc  ix  thk  Dry  Farming  Dlstricts.  In  tht» 
dry  farming  regions,  where  the  annual  precipitation  ranges  from 
ten  to  fourteen  inches,  summer  fallowing  is  necessary  for  the  pro- 
duction of  profitable  crops.  In  most  sections  it  may  be  every  other 
year,  or  in  more  favorable  localities  every  third  year.  That  is,  it 
will  require  the  storage  of  moisture  of  two  years  for  one  crop,  or  in 
the  second  instance  the  storing  of  the  moisture  of  three  years  for  two 
years  of  cropping.  In  all  dry  farming  sections  of  Nevada,  it  will 
be  found  more  cei'tain  and  profitable  to  summer-fallow  every  alter- 
nate year.  By  dividing  the  field  into  two  or  more  sections  it  is  pos- 
sible to  secure  a  crop  every  year  and  at  the  same  time  obtain  but 
one  crop  every  alternate  year  from  a  given  field.  There  are  several 
reasons  for  cropping  a  jrivon  hoil  only  every  alternate  year,  which  arc 
summed  up  in  Bulletin  63  of  the  Montana  Experiment  Station,  as 
follows  :- 

'*By  proper  summer  fallow  moisture  is  accumulated  to  a  greater 
depth  than  is  possible  when  crops  are  grown  every  year.  Thi&  in- 
sures safer  growinsr  conditions  for  the  succeeding  crop.  When  a 
field  is  cropped  every  year>  the  moisture  is  so  fully  utilized  by  the 
growing  plants  that  the  essential  bacterial  activities,  which  bring  the 
plant  food  of  the  soil  in  an  available  state,  are  greatly  hindered; 
thus  the  food  necessarv  for  the  production  of  large  crops  i&  not  avail- 
able. Also,  if  the  moisture  is  not  present  in  a  sufficient  amount  to 
produce  these  activities,  the  vegetable  matter  in  the  soil  will  not  de- 
compose, and  the  required  humus  content  cannot  be  maintained." 

There  is  tome  question  as  to  the  best  time  to  plow  for  suimner 
fallow.  When  ground  is  plowed  in  the  fall,  the  weathering  of  the 
soil  is  more  complete  due  to  the  action  of  the  winter  rain  and  snow 
and  freezing  The  soil  seldom  requires  packing  and  it  has  been 
claimed  by  Utah  farmers  that  more  moisture  is  conserved  by  fall 
plowing. 
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When  spring  plowing  is  practiced,  the  ground  should  be  disked 
in  the  fall  a»  soon  as  the  crop  is  removed.  This  puts  the  ground  in 
better  condition  to  catch  the  rain  and  snow  This  practice  also 
makes  the  »fall  plowing  easier  and  more  satisfactory. 


Knif«     weedor.    a    valuable    fmplement  in   ke'^pin??  summer  fallowed   land   free 

from   weeds 

It  is  important  that  the  field  which  is  suimiier-fallowed  should 
receive  frequent  cultivation.  This  is  not  only  essential  to  coiLserve 
the  moisture,  but  for  the  eradication  of  all  weed  errowth.  If  a  hard 
enu>t  is  formed  on  the  surface,  or  if  weeds  are  allowed  to  orrow,  con- 
siderable iiicisture  is  lost.  Weeds  not  only  exhaust  the  soil  of  moist- 
ure, but  tlH'v  may  act  as  a  j^oisoii  on  the  succeeding  crop.  Weed5> 
will  sprout  (juickly  after  a  rain,  and  at  this  time  there  is  also 
danircr  of  a  crust  forniuiL'*  on  the  surface  of  the  soil.  By  harrowinir 
the  field  with  a  spike-tootli  harrow  as  scroti  as  the  j^round  is  dry 
enough  to  be  worked,  tlie  crust  may  be  broken  and  the  small  weeds 
killed.  If  the  jrrowth  of  weeds  has  become  rank,  the  disk  harrow  or 
knife  weeder  will   probal)ly  have  to  bo  used  for  their  eradication. 

TRRiaATIOX  OF  WHEAT 

METKvODS    OF    IRRIOATIOX 

Floodinc;  From  Fief^d  Ditches.  This  is  the  cheapest  method 
to  install  and  the  moht  wasteiful  of  water,  also  a  prreat  deal  of  labor 
is  required  ii'  distributinu'  the  water  over  the  field.  It  is  sometimes 
called  the  contour  method,  since  the  field  ditches  carrv  the  water 
alon?  the  rid^res  and  distribute  it  down   the  slopes  over  the  field. 
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Turkey    Red    winter  wheat   during   harxest   at    MetropollB.    Nevada 


Border  Method.  This  is  possible  on  comparatively  level  land. 
In  preparing  the  field  for  this  system  the  greatest  oare  must  be  ex- 
ercised in  leveling  the  land  accurately  for  the  borders.  A  leveler 
commonly  used  in  Nevada  for  this  purpose  is  mounted  on  four 
wheels  with  a  heavy  iron  blade  which  works  something  on  the  order 
of  a  road  grader.  Eight  horses  are  generaUy  required  to  pull  the 
leveler  and  two  men  for  its  operation,  one  driving  and  the  other  to 
operate  the  machine.  On  new  land  it  is  necessary  to  plow  the 
ground  before  leveling,  but  on  stubble  land  under  cultivation  the 
work  can  be  done  before  the  plowing  is  commenced.  When  the  field 
is  properly  leveled  with  this  implement,  the  borders  are  marked  off 
on  the  head  line  from  sixty  to  ninety  feet  wide.  A  huge  V  marker 
and  ditcher  is  then  used  to  make  the  levees  which  run  at  regular  in- 
tervals, separating  the  borders.  This  is  a  heavy  implement  mounted 
on  four  wheels  and  controlled  by  a  system  of  levers,  and  requires 
ahout  twice  as  much  power  for  its  operation,  as  the  leveler.  After 
these  borders  are  seeded,  a  head  ditch  is  then  made  with  the  same 
ditcher  to  carry  the  water  to  the  borders.  If  one  man  is  applying 
the  water,  he  turns  in  as  large  a  head  as  can  properly  be  handled.  Con- 
sidernble  experience  is  needed  in  this  system  of  applying  the  water, 
because  as  soon  as  the  soil  at  the  upper  ends  of  the  borders  is  suf- 
ficiently wet,  the  water  must  be  taken  down  the  ditches  between  the 
borders  to  irrigate  the  lower  portions  ctf  the  land.  These  borders 
vary  from  1000  to  5000  feet  in  length,  depending  upon  the  slope 
of  tba  land.  With  a  properly  installed  system  the  water  can  be 
brought  down  one  side  of  the  field  for  a  considerable  distance  in  a 
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diagonal  direction,  instead  of  bringing  the  water  down  the  ditch 
and  turning  it  into  the  borders  at  frequent  intervals.  In  this  way 
a  large  traet  can  be  irrigated  by  one  man  in  a  day.  In  sections  of 
Nevada  where  this  systom  is  practiced,  wonderful  crops  of  wheat 
are  produced,  but  in  such  regioius  the  soil  is  of  a  loose  nature,  con- 
tains large  amounts  of  humus  and  does  not  bake  after  wetting.  In 
this  system  one  experienced  irriuatt  r  can  handh*  al)out  six  second 
feet  of  water. 

Fi.ooDiNij  ]N  CiiKCKS.  lu  this  system  of  irrigation  the  levees 
are  run  acro^  the  field  in  both  directions,  dividing  it  into  a  series 
of  basins..  Tliis  system  h>  largely  practiced  on  new  lands  that  require 
a  great  denl  of  leveling.  By  this  nu^thod  the  level  tracts  can  be 
checked  ready  far  the  water  without  a  great  deal  of  expense.  This 
system  is  also  deHira])le  on  landh  that  will  not  soak  up  well,  when 
the  water  is  run  in  the  furrows.  On  the  Truckee-Carson  Irrigation 
Proje<'t,  where  this  system  is  comirM^.nly  used  in  the  production  of 
hay  and  irrain,  th(>  levees  dividing  the  checks  or  basins  are  wide  and 
low  and  are  generally  cov.m^cmI  with  a  crop.  They  are  constructed 
to  prevent  any  v/nste  of  land  and  to  malce  possible  the  harvesting 
of  the  crop  with  the  mower  or  binder.  In  such  a  system  some  checks 
are  higher  than  others.  Water  is  turned  into  the  higher  checks, 
and,  when  5>ufficiently  wet,  it  is  taken  off  and  run  into  the  lower 
checks,  and  so  on  until  all  the  ground  is  irrigated.  Although  con- 
siderable water  is  lost  by  evaporation.  ver\'  little  goesi  into  the  drain- 
aire  ditches.  If  land  has  a  gentle  slope,  the  installation  of  this  sys- 
tem is  very  expensive,  a^  compared  with  the  l>order  method  and  flood- 
ing from  field  ditches.  A  large  head  of  water  can  be  used  with  this 
system  and  one  man  can  handle  from  seven  to  eight  second  feet. 

FuRRO\v  Irrigation.  Where  the  conditions  are  suitable  and  the 
land  is  sufficiently  friable  and  mellow,  the  furrow  method  of  irriga- 
tion is  best  adapted  to  the  highest  returns  in  the  production  of  grain 
in  Nevada.  In  this  system  the  wat(?r  is  run  through  the  field  in 
small  furrows  ami  diffuses  laterally  through  the  soil,  but  should  not 
run  over  the  sunface.  This  system  is  adapted  to  small  streams,  con- 
siderable  slopes  and  to  heavy  soils.  The  water  may  be  run  in  a  few 
or  many  furrows,  it  may  be  run  across  the  slope  at  any  angle  for 
the  desired  flow  of  water  and  it  gives  the  hea\'y  soils  time  to  soak  upi 
The  feed  ditches  are  nearly  level  and  are  generally  run  across  the 
slope  of  the  field.  In  Nevada  a  great  deal  of  trouble  has  been  en- 
countered in  the  washing  away  of  the  banks,  when  the  water  is  taken 
from  the  distributing  diteh  to  the  furrows.  This  condition  has  been 
met  by  the  uf>e  of  galvanizeil  iron  pipes  from  one  and  one-half  to 
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Furrow     method    of    irrigating"    small  grains 

two  inch'^s  in  diameter  and  two  feet  lonp:.  These  iron  pipes  are 
placed  in  the  bank  of  the  distributing  ditch  and  each  pipe  furnishes 
water  for  from  two  to  six  ifurrows,  depending  upon  the  head  of 
water  in  the  feed  ditch.  By  such  a  system  a  large  field  can  be  irri- 
gated by  one  man,  since  his  chief  duty  is  to  see  that  the  proper  head 
of  water  is  maintained  in  the  distributing  ditches.  Also,  the  water 
is  more  eveuly  distributed  in  the  furrows,  so  that  it  reaches  the 
lower  part  of  the  field  in  the  different  furrows  at  about  the  same 
time. 

The  length  of  furrows  varies  with  the  slope  of  the  land  and  the 
nature  of  the  soil  from  200  to  800  feet,  the  greater  lengths  being 
possible  in  the  heavy  soil&  with  the  gentle  slopes.  Peed  ditches  are 
run  across  the  field  at  these  intervals  of  from  200  to  800  feet  and  in 
turn  furnish  water  for  the  irrigation  of  the  check  below.  By  mak- 
ing the  furrows  after  the  land  is  planted,  no  land  is  wasted. 
Although  the  initial  expen&e  is  great  in  installing  this  system,  the 
water  is  very  easily  handled  and  the  expense  of  irrigating  is  small. 
With  this  system  a  much  smaller  head  of  water  is  used  than  with 
the  other  methods. 


Amount  and  Time  ok  Irrigation.  The  time  to  irrigate  gram 
must  be  determined  largely  by  the  condition  of  the  crop  and  the 
moisture  content  of  the  soil.  Some  irrigators  determine  this  period 
by  the  color  of  the  wheat  which  turns  dark  green,  when  in  need  of 
water.  Othetrs  examine  the  first  six  inches  of  soil  and  learn  by  this 
method  when  the  crop  needs  water.     Still  others   contend  that  the 
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crops  should  be  irrigated  at  regiilar  intervals,  whether  the  crop 
needs  it  or  not.  A  large  number  of  farmers  use  the  last  method 
for  determining  the  time  to  irrigate  and  thus  the  crop  generally 
receives  a  great  deal  more  water  than  is  required  and  the  yield  and 
quality  of  the  grain  is  often  greatly  affected  by  this  practice.  Un- 
less the  soil  is  very  heavy  in  texture  or  varies  greatly,  the  ground 
should  be  irrigated  before  planting.  If  heavy  clay  land  is  irri- 
^ted  before  seeding,  sometimes  several  weeks  are  required  for  the 
soil  to  become  diy  enough  to  be  worked  and  the  weeds  p*resent  are 
apt  to  be  troublesome.  When  a  field  includes  both  light  and  heav^" 
9oib,  a  uniform  stand  of  grain  is  quite  impossible  and,  if  irrigated 
when  the  young  plants  ar^  starting  their  growth  above  the  ground, 
they  are  greatly  checked  in  growth  by  the  application  of  water  at 
that  time.  Thua,  such  soils  are  generally  irrigated  after  the  grain 
is  planted  to  germinate  the  seed.  When  irrgiation  is  necessary  im- 
mediately after  planting,  there  is  considerable  danger  of  baking  and 
crusting  the  soil,  so  that  the  ground  will  have  to  be  irrigated  again 
to  soften  the  crust  or  cultivated  with  a  corrugated  roller  or  spike- 
tooth  harrow  with  the  teeth  sloping  well  back  to  let  the  plants  alip 
through. 

The  irrigation  after  germination  should  be  withheld  as  long  aa 
possible  to  give  the  plants  a  chance  to  establish  a  good,  vigorous 
root  system  in  the  soil  to  fumdsh  the  proper  nourishment  for  the 
development  of  grain  later  on.  However,  the  water  should  not  be 
withheld  until  the  lower  leaves  turn  yellow.  As  a  rule,  the  first 
irrigation  after  the  grain  has  started  is  given  between  the  time  the 
five  leaves  are  formed  and  the  boot  stage.  If  irrigated  at  the  five- 
leaf  stage,  the  second  application  i»  made  at  the  boot  stage,  the  third 
at  the  bloom,  the  fourth  at  the  milk  and  the  fifth  at  the  dbugh  stagey 
If  the  first  irrigation  is  not  required  until  the  plants  reach  the  boot 
stage  or  when  the  heads  are  forming,  only  four  irrigations  should 
be  given.  If  only  three  irrigations  are  possible,  the  best  results  are 
recorded  when  applications  are  made  at  the  boot,  bloom  and  milk 
stages.  However,  this  will  vary  with  the  nature  of  the  soil,  amount 
and  distribution  of  annual  precipitation,  and  the  preparation  of  the 
seed  bed.  The  proper  time  must  be  largely  determined  by  the  con- 
dition of  the  crop  and  the  moisture  content  of  the  soil. 

In  many  wheat  sections  of  Nevada,  heavy  winds  are  common 
early  every  afternoon.  In  such  localities  the  rank,  growing  grain 
which  is  approaching  maturity  should  be  irrigated  at  night  or  in  the 
forenoon  during  the  calm  spell.  This  gives  the  culms  which  soften 
near  the  surface  of  the  ground  time  to  become  firm  before  they  are 
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Uown  to  the  ground  by  the  heavy  wind.    The  last  irrigation  should 
never  occur  too  late,  especially  in  windy  climates. 

IRRIGATION    INVESTIGATIONS  WITH  WHB)AT 

The  following  table  includes  the  results  of  investigations  on  the 
irrigation  of  wheat  for  a  period  of  three  years: 

IRRIGATION  OP  WHEAT 

Table  showing    increase    in    yields  of  seven^nch  applications  over 
three-inch  applications  in  percentage 
for  1914,  1915  and  1916 

YIELD   PER  ACRE   IN   BUSUEL.S       Averao 

One  irrigation  8  in.  application  7  in.  application     Per  cent 

omlted  at  1914   1915   1916  Av.     1914  1916   1916  Av.    Increase 

Five  leaf    21.2  26.2  31.3  26.2  32.6  36.8  35.3  34.9  33.2 

Boot    „ IT.l  15.3  29.6  20.7  31.8  28.9  20.1  27.2  31.4 

BkxMn      ._ 19.4  14.0  24.9  19.4  2i2  26.3  31.7  27.4  41.3 

3filk 27.1  28,6  29.2  28.3  26.2  28.4  37.0  30.5    7.8 

Dottgh     29.4  21.8  32.8  28.0  32.3  25.1  34.2  30.5     8.9 

Two  irrigations 
omitted  at 

Kve  leaf  and  boot 21.8  14.8  20.7  19.1  22.5  18.6  17.1  19.4    1.6 

Five  leaf  and  bloom  ....15.9  20.7  30.9  22.5  22.9  16.9  25.9  21.9    2.7 

Phre  leaf  and  milk  22.5  25.8  33.4  27.2  19.2  31.8  43.3  30.1  10.7 

Rve  leaf  and  dough 10.1  32.4  35.7  26.1  29.8  27.2  34.6  30.5  16.9 

Boot  and  bloom  7.8  12.8  21.0  13.9  12.6  12.5  25.6  16.9  21.6 

Boot  and  milk  14.8  21.3  29.4  2L8  16.9  21.2  36.8  25.0  14.7 

Bloom  and   mdlk  15.6  20.3  29.4  21.8  18.3  19.3  34.4  24.0  10.1 

Bloom  and  dough  16.2  19.1  37.6  24.3  23.9  24.8  39.3  29.3  20.6 

Milk  and  dough  ^.0  28.1  37.8  28.6  25.0  30.5  34.4  30.0    4.9 

^  irrigations  26.0  26.9  32.1  28.3  24.2  26.1  43.1  31.1    9.9 

omitted 

One  Irrigation  Omitted.  The  results  are  strongly  in  favor  of 
the  7-ineh  applications.  The  average  yield  for  the  7-inch  applica- 
tiom  was  24.5  per  cent  greater  than  that  for  the  3-inch  applications. 
The  highest  yield. of  34.9  bu.  per  acre  was  obtained  when  the  irriga- 
tion at  the  five-leaf  stage  was  omitted.  When  irrigations  were 
omitted  at  the  milk  and  dough  stages  respectively,  the  same  yield  of 
30.5  bu.  per  acre  was  secured. 

The  loiwiest  3rields  with  both  3  and  7-inch  applications  were  iGound 
wh«i  irrigations  were  omitted  at  the  boot  and  bloom  stages  respec- 
tivdy. 


Digitized  by 


Google 


26  GRAIN   PRODUCTION   IN   NEVADA. 

When  a  T-inch  application  was  given  at  each  stage  of  growth 
or  a  total  irrigation  of  35  inches,  the  yield  was  31.1  bu.  per  acre  or 
12.2  per  cent  less  than  where  only  28  inches  of  water  were  applied 
and  the  irrigation  omitted  at  the  five-leaf  stage.  This  was  due  chief- 
ly to  the  greater  development  of  root  system  where  the  first  irriga- 
tion was  omitted,  and  at  the  same  time  the  plants  did  not  soSer 
from  lack  of  esuflficient  moisture  before  the  irrigation  at  the  boot 
stage. 

Two  Irrigations  Omitted.  Here  also  the  results  are  in  favor 
of  the  7-inch  applications  although  not  to  such  a  great  extent  as 
where  only  one  irrigation  was  omitted.  The  average  yield  for  the 
7-inch  applications  was  11.5  per  cent  greater  than  that  for  the  3-inch 
applications. 

The  four  highest  yields  were  obtained  when  irrigations  were 
omitted  at  the  five-leaf  and  dough,  five-leaf  and  milk,  milk  and 
dough,  and  bloom  and  dough,  in  the  order  named,  the  greatest  pro- 
duction being  30.5  bu.  per  acre,  and  the  lowest  29.3  bu.  per  acre,  dr 
a  difference  of  about  tfour  per  cent. 

The  three  lowest  yidds  with  the  7-inch  applications  averaging 
19.4  bu.  per  acre  were  obtained  when  the  irrigations  were  omitted 
at  the  five-leaf  and  bloom,  five-leaf  and  boot,  and  the  boot  and  bloom 
stages,  the  last  yield  being  16.9  bu.  per  acre. 

The  low  yields  with  both  3-inch  and  7-inch  applications  when 
irrigations  at  the  boot  and  bloom  stages  were  omitted,  indicate  that 
the  most  critical  stage  in  the  irrigation  of  wheat  is  between  the  boot 
and  milk  stagea  When  irrigations  were  omitted  at  the  five-leaf 
and  milk,  and  five-leaf  and  dough  stages  practically  no  difference 
wa»  noted  in  the  yield,  the  average  being  30.3  bu.  per  acre. 

Harvesting  and  Threshing.  It  is  a  common  practice  in  Nev- 
ada, where  the  binder  is  used  to  begin  harvesting  a  little  before  the 
wheat  is  ripe,  as  this  decreases  the  loss  due  to  over-ripeness,  and  with 
proper  care  does  not  diminish  the  yield.  If  the  harvesting  is  delayed 
until  the  kernels  become  hard,  there  is  danger  of  consideraWe  loss 
from  shattering.  Also  in  the  last  stage  of  ripening  practically  all 
of  the  starch  for  the  grain  comes  from  the  ou],ms  and  leaves,  thus 
the  crop  may  complete  the  ripening  after  it  is  plabed  in  the  shock 
providing  it  is  not  cut  too  early.  If  the  grain  is  checked  in  growth 
by  lack  of  moisture  or  some  other  factor,  the  amount  of  starch  in  the 
ripened  grain  will  be  comparatively  low.  One  reason  for  the  high 
protein  content  of  the  hard  winter  wheats  of  our  dry  farming  dis- 
tricts may  be  attributed  to  the  low  development  of  the  stardiy 
endosperm. 
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A  combine  Harvester  and  Thresher   at  work    in    the    Lovelock    valley 

Where  the  combined  harvester  and  thresher  is  u^sd,  the  grain 
must  be  thoroughly  ripened,  as  it  is  harvested  and  thi-eshed  in  one 
operation.  When  this  machine  is  used  in.  harvesting  grain,  that  is  not 
fully  ripe,  the  grain  will  go  through  the  sweat  in  the  sack,  and  may 
result  in  serious  loss  due  to  heating  and  molding.  Frequently  the 
presence  of  green  weeds*  in  the  field  at  harvest  will  produce  the  same 
injury  to  the  grain.  This  last  condition  can  be  avoided  by  thor- 
oughly cleaning  the  grain  within  a  few  days  after  harvest  to  get  rid 
of  all  green  leaves,  stems  and  seeds. 


Outfit  used  at   the  Nevada  Experiment  Station    for    threshing-   smaH   plats    of 
seed   crops,   without  danijrer   of  mixing  the  varieties 

Practically  all  wheat  raised  in  Nevada  is  placed  in  sacks  and 
loaded  on  the  cars  for  shipment  or  stored  at  the  local  warehouse  or 
elevator.    Jute  bags  are  getting  more  expensive  each  year,  and  in 
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majay  instances  some  plan  should  be  adopted  to  eliminate  the  use  of 
sacks,  and  thus  cut  down  the  expenae  of  maitetin^  the  wheat.  This 
may  be  accomplished  by  establiehini?  elevators  in  the  important 
wheat  sections,  and  transferring  the  wheat  ifrom  these  elevators  to 
the  mills  without  the  use  of  bags.  Such  a  plan  has  been  agreed  upon 
by  a  local  mill  and  the  growers  in  one  of  our  important  wheat  dis- 
tricts. 

BARLEY 
Nevada  produced  about  15,000  acres  of  barley  in  1916,  one-half 
of  which  was  grown  in  the  counties  of  Churchill,  Lyon  and  Douglas, 
and  another  one-fourth  in  Humboldt  and  Elko  counties.  Barley 
is  the  principal  cereal  grown  in  Southern  Nevada.  Lincoln  and 
Clark  counties  producing  about  nine  per  cent  of  the  total  production 
for  the  State.     Practically  all  of  the  barley  grow^n  in  Nevada  is  used 


Barley   from    left    to   rifirht 

1.  California   Feed    (Colo.)    6    R.  3.     Chevalier    (Nev.)     2    R, 

2.  Moravian    (Ida.)     2    R,  4.     Brewing    (Wash.)     6   R. 

as  a  feed  for  livestock,  and  is  generally  fed  in  connection  with  al- 
falfa. A  small  acreage  of  winter  barley  is  grown  each  year  in  the 
dry  farming  districts  of  the  State,  but  under  irrigation  only  the 
spring  barleys  are  grown.  The  six-rowed  barley  is  the  type  most 
commonly  grown,  but  the  results  of  experiments  for  the  past  three 
years  showed  that  the  two-rowed  varieties  produced  larger  yields 
of  grain  with  plumper  and  heavier  kernels.  The  acreage  of  two- 
rowed  barley  in  Nevada  is  rapidly  increasing. 
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Investigatidnb  with  Baslet  ViOHROES.    The  following  table 
inelndes  a  study  of  barley  variefein  for  the  iMt  three  yean : 


«eNor«iHO»ookA^doo<e^flor««0MMO<e^Maot«t»o»t«^  iaM«kr*f»igio  «h«  f 
t«aoio<i#M«^«HOOOO»o»o»oor«r««6«p«0kOiAio^^»H»o»o»oooo  r«t*««  w  la^  « 

^COeoeoeoeOCOCOMC9MMMMMMMMMM69MMMe^*HfH«Hf-4«Hi-4  w*^^-4  <M«-4  f-4« 

9et>kaeQ««iroMto<oua«H-<#«0-<«i«oMMflot-oe-<v^t^vHr«^ 

«0  *M  e>9  c«e4  «0  lO  t^ooMOk  e»«0«H  <e  eo  o  M  o»  ^- At^  00*^  &  ^ 

r- o»o  00  A  <e  CO  o»  00  «0e>  M  vH  eo  ^  ^  <o  t^  b- ^  t- oo  ^  00  t*  00 
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In  this  test  a  study  was  made  of  the  number  of  heads  per  stiool, 
height  of  plants  at  harvest,  the  average  number  of  grains  per  head 
and  the  yield  of  »traw  per  acre,  but  the  variation  in  these  factors 
was  about  the  same  with  the  high  as  with  the  low  producing  varieties. 

The  New  Zealand  variety  produced  the  heaviest  yield  for  the 
two-year  period  of  80  bu.  per  acre,  while  Montana  Blue  Ribbon  had 
an  average  production  for  the  three-year  period  of  73  bu.  per  acre. 
The  results  of  this  experiment  favored  the  two-rowed  varieties  of 
barley. 

Soil.  In  most  parts  of.  Nevada,  barley  is  grown  with  equal  suc- 
cess in  the  t^ndy  loam  and  clay  loam  soils,  provided  the  heavy  soils 
are  well  drained.  When  gi'own  on  soils  too  heavy,  the  young  barley 
plants  are  usually  seriously  checked  in  growth  by  an  excess  of  soil 
moisture.  Thus  heavy  soils  with  relatively  high  water  tables  should 
be  cropped  to  wheat  which  is  more  of  a  shallow  feeder  like  the 
grasses,  and  is  not  so  seriously  affected  by  a  high  water  table.  Some 
of  the  biggest  crops  of  barley  produced  in  Nevada,  have  been  grown 


•4.''  ';8^  ,^, -•^- ■ 

pint,  -  i^«Mkj 

A    field    of    Manchuria    Barley    yielding  75  bushels  per  acre 

on  well  drained  clay  loam  soils.  Barley,  however,  is  much  better 
adapted  than  wheat  to  the  sandy  loam  soils.  Barley  and  wiheat 
grown  on  soils  slightly  alkali  have  shown  very  little  difference  in 
their  power  to  withstand  an  excess  of  salts.  In  certain  instances, 
the  barley  grain  was  slightly  less  shriveled  than  the  wheat,  indicat- 
ing that  the  greater  power  of  resistance  to  alkali  was  in  favor  of  the 
barley. 

Cultural  Methods.  For  the  highest  yields  with  barley,  the 
seed  bed  should  receive  the  best  preparation,  as  outlined  under  wheat 
cultura    Usually  the  best  yields  are  obtained  by  sowing  from  90  to 
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110  poundd  of  seed  per  acre.  With  barley,  more  seed  is  required 
per  acre  than  with  wheat  from  the  fact  that  it  does  not  stool  as  free- 
ly as  wheat 

In  treating  barley  for  smut  use  one  pint  of  formalin  to  20  gal- 
lons of  water.  Immerse  the  sacks  of  barley  in  the  solution  for  10 
minutes,  and  follow  treatment  as  with  wheat. 

Use  the  same  method  of  irrigation  for  barley  as  that  outlined 
for  wheat 

In  this  State,  bariey  is  harvested  with  a  little  greater  difficulty 
than  the  wheat  This  is  due  to  beards  on  the  barley,  which  are 
sometimes  troublesome  in  shocking.  Beardless  barley  has  been 
grown  to  some  extent  in  Nevada  with  an  idea  of  overcoming  this  ddf- 
fieulty,  but  in  most  instances  it  has  not  giv^i  as  good  results  aa  the 
bearded  varieties.  In  threshing  barley,  there  is  great  danger  of 
breaking  the  grain  by  running  the  cylinder  at  too  great  a  speed.  A 
little  care  in  this  respect  will  greatly  increase  the  value  of  the  barley 
for  seed. 

OATS 

In  1916,  about  15,000  acres  of  oata  were  produced  in  Nevada, 
of  which  over  40  per  cent  was  grown  in  Elko  County,  and  about  85 
per  cent  in  Elko,  White  Pine,  Churchill,  Lyon  and  Douglas  counties. 

Oats  10  not  as  well  adi^ted  to  the  irrigated  districts  of  Nevada 
as  wheat  or  barley. 

The  lade  of  humidity  together  with  the  intense  heat  of  the  sun 
during  the  ripening  period  often  causes  the  panicles  to  blast  and 
turn  white  before  the  grain  is  fully  developed,  and  while  the  culms 
and  leaves  are  still  green.  When  affected  in  this  way,  a  large  por- 
tion of  the  oats  shatters  to  the  ground  before  and  during  harvelrt;. 

n^PVBSTIGATIONS  WITH  OAT  VARIETIES 

The  f<dlowing  table  includes  the  results  of  a  three-year  test  of 
oat  varieties: 
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These  results  show  a  marked  increaae  in  the  production  of  the 
Boriy  Mountain  variety  in  1916  over  that  of  the  previous  year,  the 
yield  being  95  bushds  per  acre  in  1916.  The  average  production 
of  this  variety  for  the  two-year  period  waa  8L75  bushels  per  acre. 
This  was  the  only  variety  not  seriously  affected  *by  shattering  of  the 
seed  due  to  blasting  of  the  panicles  before  the  plants  had  matured. 
With  most  of  these  varieties  over  one-half  of  the  grain  had  shattered 
before  the  plants  were  roa/ly  for  harvest. 


A  field  of  abundance  oats 

Soil.  Oats  produced  the  largest  yieldsi  of  grain  in  Nevada  on 
rdativdy  moist  soils.  When  sown  on  soils  rich  in  fertility,  the  gtsin 
often  lodged  badly  so  that  only  a  portion  of  the  crop  was  raimd. 
Oats  are  better  adapted  to  comparatively  poor  soils  than  either 
wheat  or  barley.  Oats  require  a  cool,  moist  soil,  thus  early  spring 
•Peding  is  desirable. 

Cui/ruRALi  Methods.  The  seed  bed  should  be  prepared  and  the 
crop  irrigated  in  a  similar  manner  to  wheat.  The  amount  of  seed 
to  sow  will  vary  with  the  preparation  of  the  seed  bed,  the  size  of  the 
«ed  and  the  method  of  sowing.  In  Nevada  from  80  to  90  pounds 
per  acre  have  given  the  best  results  when  sown  with  a  grain  drill. 

In  treating  oats  with  formalin  for  the  prevention  of  smut,  use 
one  pound  of  formalin  diluted  with  50  gallons  of  water,  and  con- 
tinue the  treatment  as  outlined  under  wheat. 

Best  results  have  been  obtained  by  harvesting  oats  when  the 
fpnin  is  in  the  early  dough  stage,  and  a  portion  of  th^  leaves  are  still 
^Peen.  If  grain  in  this  condition  i&  properly  shocked,  it  ripens  and 
cures  slowly  without  injury  to  the  composition  or  yield  and  there 
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will  be  little  shattering  of  grain.    When  used  for  hay,  oats  should 
be  cut  while  in  the  milk  stage  and  cured  like  any  other  hay  crop. 

CO-OPKRATI^'^    VARIETY    TESTS 

Co-operative  variety  tests  of  wheat  and  barley  were  conducted 
in  1915  and  1916  by  F.  B.  Headley,  Superintendent  of  the  U.  S. 
Experiment  Farm  at  Fallon.  The  following  table  includes  the 
results. 


WIHEAT   pounds    per 

Variety               1915  1916 

Little     Club..2730  3138 

Reiti 2562  2910 

Dicklow    2496  2538 

]\rarqui&    2340  2974 

Defiance    2310  2526 

Sonora  2238  2460 

Bhiestem    2430  2244 

Ghirka 2100  2172 


YIBL4D   PER  ACRE 

acre  BARLEY  pounds  per  acre 

Avg.  Variety               1915        1916       Avg. 

2934    Coast  2040  1766  1903 

2736    Rents  1435  1915  1675 

2517    ITanchen 1548  1454  1519 

2457    Chevalier  1502  1502 

2418    Svanhals  1435  1402  1420 

2349    Nepal  

2337  (hulless)       1219     1296     1257 
2136 


Littlo  Club  was  the  hiijhest  producer  of  the  wheat  varieties  with 
an  averaj:^e  yield  of  48.9  bu.  per  acre  for  the  two  years.  Coast  or 
what  is  commonly  known  as  California  Food  barley  was  the  highest 
yielding?  variety  of  barley  with  39.6  bu.  per  acre.  The  yield  of  2934 
pounds*  of  Little  Club  Wheat  was  54.2  per  cent  greater  than  the  yield 
of  1903  pounds  of  the  hierhest  yieldinsr  barley. 
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LETTER  OF  TRANSMITTAL 


Reno,  Nevada,  February  15,  1918. 
GrOVERNOR  Emmet  D.  Boyle,  Car  SOU  City,  Nevada. 

De.\r  Governor  Boyle  :  In  April,  1917,  the  Nevada  Agricultural 
Experiment  Station  published  Bulletin  No.  87  entitled  "Home  Potato 
Patches,"  by  C.  S.  Knight,  Dean  of  the  College  of  Agriculture,  and 
Agronomist  of  the  Agricultural  Experiment  Station. 

The  demand  for  this  bulletin  was  so  heavy  that  early  in  the  year  the 
edition  was  exhausted.  As  requests  for  copies  are  still  received  almost 
every  day,  it  now  seems  advisable  to  republish. 

A  large  part  of  the  information  contained  in  Bulletin  No.  87  was 
derived  from  series  of  experiments  included  in  Projects  1  and  2,  Hatch 
Fund.  To  this  we  have  added  a  considerable  amount  of  general  infor- 
mation needed  by  potato  growers  at  the  present  time.  We  are,  there- 
fore, presenting  the  bulletin  again  in  a  more  expanded  form  and  under 
a  new  serial  number. 

In  1917  many  tracts  of  over  five  acres  of  potatoes  were  grown  on 
wast^  land  not  previously  cultivated.  For  the  benefit  of  growers  of 
these  Jarger  patches  information  has  been  included  on  the  use  of  potato 
machinery  and  the  general  care  of  larger  crops. 

Respectfully  submitted, 

S.  B.  DOTEN, 

Director, 


Digitized  by 


Google 


Digitized  by 


Google 


ACKNOWLEDGMENT 

The  author  wishes  to  acknowledge  his  indebtedness  for  cuts  used  in 
this  bulletin  as  follows : 

Figure  2— H.  A.  Hyde,  Watsonville,  Cal. 

Figures  4  and  8 — Hoover  Manufacturing  Co.,  Avery,  Ohio. 

Figures  5  and  6 — ^Wm.  Stuart,  Bureau  of  Plant  Industry,  U.  S. 

Department  of  Agriculture. 
Figure  7 — ^Aspinwall  Manufacturing  Co.,  Jackson,  Mich. 
Figure  9 — Bateman  Manufacturing  Co.,  Grenlock,  New  Jersey. 
Figure  12— The  John  Deere  Co.,  Moline,  111. 
Figure  13 — Champion  Potato  Machinery  Co.,  Hammond,  Ind. 
Figure  14 — Dowden  Manufacturing  Co.,  Prairie  City,  Iowa. 


Digitized  by 


Google 


Digitized  by 


Google 


CONTENTS 


PAGB 

Introdiictiou 9 

SoUs  for  Potatoes 10 

Preparing  the  Ground  for  Planting 10 

Liming  Heavy  Soils 10 

Increase  Production  by  Use  of  Manure ^ 10 

Irrigation  Before  Planting 1 1 

Seed  Potatoes ^ 12 

Seed  Selection 12 

Proper  Storage  of  Seed  Important 13 

Treatment  for  Disease 13 

Cutting  the  Seed 14 

Sprouting  the  Seed , 15 

Greening  Seed  Potatoes 15 

Rate  of  Seeding 15 

Planting 16 

Irrigation 17 

Over  irrigation  and  Poor  Drainage 18 

Cultivation „ 19 

Thinning  „ 20 

Sorting  for  Market 21 

Storing 22 


Digitized  by 


Google 


Digitized  by 


Google 


POTATO  CULTURE  IN  NEVADA 

INTEODUOTION 

Nevada  made  a  wonderful  showing  in  1917  by  an  increase  of  more 
than  200  per  cent  over  previous  years  in  the  growing  of  home  potato 
patches  and  gardens,  by  utilizing  back  yards,  vacant  lots,  and  fields 
not  previously  cultivated.  It  has  been  estimated  that  over  three  million 
such  gardens  were  grown  last  year  by  this  Nation,  producing  more 
than  three  hundred  million  dollars  in  food  products. 

The  planting  of  home  potato  patches  was  a  new  venture  for  many 
residents  of  the  cities  and  towns  in  Nevada,  and  a  few  were  unsuc- 
cessful with  their  crops.  However,  the  increased  knowledge  of  handling 
the  crop,  together  with  the  Nation-wide  success  of  the  garden  move- 
ment in  1917,  gave  a  great  stimulus  to  the  beginner  in  planning  for  a 
potato  patch  this  year  with  a  determination  to  be  successful.     On 


Fig.  1 — ^Hanresting  Potatoes  on  the  Truckee  Meadows.    A  Very 
Desirable  Market  Potato. 

account  of  the  still  greater  demand  for  food  for  export  in  1918  the 
people  of  the  Nation  are  called  upon  to  give  more  consideration  than 
ever  before  to  the  growing  of  home  gardens. 

The  potato  occupies  an  important  place  in  the  diet  of  our  entire 
population.  It  is  not  a  diflScult  crop  to  grow  under  irrigation,  and 
requires  much  less  attention  than  a  variety  of  vegetables  planted  in  the 
same  area.  It  will  thus  be  possible  for  a  large  number  of  people  in 
Nevada,  who  cannot  devote  the  time  required  for  a  vegetable  garden, 
to  plant  small  tracts  of  potatoes.  By  following  the  instructions 
included  in  this  pamphlet  the  crop  will  be  grown  with  the  least  possible 
amount  of  labor,  and  at  the  end  of  the  season  the  family  will  have  on 
hand  a  year's  supply  of  potatoes. 
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SOILS  FOB  POTATOES 

The  potato  requires  a  fertile  mellow  soil,  either  a  sandy  or  clay  loam, 
well  supplied  with  organic  matter.  The  cultivation  is  easier  on  the 
sandy  loams,  and  the  danger  af  overirrigation  is  less,  although,  when 
properly  handled,  the  clay  loams  produce  equally  well.  Soils  rich  in 
humus  or  vegetable  matter  are  especially  well  suited  to  potato  culture, 
thus  no  other  staple  crop  grown  in  Nevada  is  so  well  adapted  to  old 
alfalfa  land. 

PBEPABING  THE  GBOTJND  FOB  PLANTING 

The  ground  should  be  cleared  of  all  rubbish,  such  as  rock^,  bricks^ 
boards,  chips,  and  weeds,  for,  if  turned  under  by  the  plow  or  spade, 
they  will  prevent  the  seed-bed  from  packing  suflSciently  for  the  uniform 
and  rapid  germination  of  the  seed  after  planting. 

The  ground  should  be  plowed  or  spaded  at  least  8  inches  deep  as 
soon  as  possible,  care  being  taken  not  to  work  the  ground  when  too 
wet,  which  is  indicated  by  the  soil  sticking  to  the  shovel  or  plow  in 
turning.  The  same  day  the  ground  is  plowed  or  spaded  it  should  he 
harrowed  or  raked,  and  a  coarse  dirt  mulch  left  on  the  surface.  This 
coarse  mulch  prevents  rapid  evaporation,  and  after  a  rain  is  easily 
renewed.  If  a  fine  dirt  mulch  is  made  after  spading  or  plowing,  a 
heavy  rain  will  pack  the  surface  to  such  an  extent  that  a  new  mulch  is 
difficult  to  prepare.  The  ground  should  remain  in  this  condition  from 
1  to  3  inches  until  planting  time  to  furnish  a  firm  seed-bed  for  uniform 
germination  of  the  seed  and  rapid  development  of  the  young  plants. 

LIMING  HEAVY  SOILS 

Much  of  the  soil  in  Nevada  is  heavy  clay  that  is  prepared  for  crops 
and  cultivated  with  some  difficulty ;  also,  when  the  proper  hoeing  and 
cultivation  is  not  given,  the  results  are  often  imsatisfactory.  This 
objection  can  be  largely  overcome  by  applying  gypsum  when  preparing 
the  ground  for  planting.  Two  methods  may  be  used  to  apply  the 
gypsum.  If  the  ground  is  to  be  spaded  by  hand,  the  gypsum  can  be 
spread  over  the  area  quite  uniformly  with  a  shovel,  and  when  the 
ground  is  spaded  the  lime  is  turned  under  with  the  inverted  soil.  If  the 
ground  is  to  be  plowed,  the  gypsum  may  be  applied  with  a  shovel  after 
plowing,  and  later  covered  by  the  harrow  in  the  preparation  of  the 
seed-bed.  Ten  pounds  of  gypsum  should  be  used  for  every  100  square 
feet  of  surface.    This  is  at  the  rate  of  about  two  tons  per  acre. 

INCREASE  PBODUOTION  BY  USE  OF  MANUBE 

Prom  the  fact  that  considerable  labor  and  expense  is  involved  in  the 
proper  handling  of  a  potato  crop,  the  grower  should  aim  to  keep  the 
soil  in  the  highest  possible  state  of  fertility,  by  frequently  manuring 
the  land.  The  manure  is  best  applied  during  the  fall  and  winter 
months  when  the  land  is  not  growing  a  crop  and  preferably  on  land 
that  is  to  be  plowed  before  another  crop  is  planted. 

Every  crop  removed  from  the  soil  takes  away  certain  materials  that 
are  essential  in  the  growth  of  the  plant.  Soils  will  gradually  decrease 
in  their  producing  capacity  when  crops  are  grown  continuously  on  the 
land  without  adding  fertility.  From  the  fact  that  about  40  per  cent 
of  the  fertility  removed  from  the  soil  may  be  recovered  in  the  manure, 
one  of  the  best  means  of  maintaining  the  fertility  of  the  soil  is  to  return 
the  manure  to  the  land. 
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Manure  to  be  most  effective  should  be  plowed  under  where  its  con- 
stituents will  come  in  contact  with  the  roots  of  the  crop.  Manure 
should  not  be  covered  so  deep  as  to  prevent  fermentation.  On  clay 
soils  the  covering  should  not  be  over  four  inches,  while  with  sandy  soils 
a  six-inch  covering  is  not  considered  too  deep. 

Heavy  applications  of  manure  during  dry  seasons  may  result  in  a 
physical  injury  to  the  soil,  due  to  a  lack  of  moisture  to  cause  the 
organic  matter  to  decay.  For  this  reason  it  is  a  good  plan  to  irrigate 
the  ground  in  the  fall  before  applying  the  manure  and  plowing  or 
spading  it  under. 

Fresh  manure  may  be  injurious  to  potatoes,  as  it  tends  to  produce 
scabby,  undesirable  tubers.  For  this  reason  in  manuring  land  for 
this  crop  well-rotted  manure  should  be  used. 

The  amount  of  manure  to  apply  depends  upon  the  kind  of  soil  and 
the  quality  of  manure.     Generally  about  50  pounds  for  every  100 


Fig.  2 — ^HIU  Selection  versus  Bin  Selection: 
Hill  Selection — Average  Weight  of  Two  Hills  Shown  on  Left,  5  pounds. 
Bin  Selection — Average  Weight  of  Two  Hills  Shown  on  Right,  3  pounds. 

square  feet  or  10  tons  per  acre  is  considered  a  good  average  applica- 
tion for  ordinary  farm  crops,  while  20  tons  per  acre  is  often  not  con- 
sidered excessive  for  light  sandy  soils  in  the  production  of  potatoes. 
Usually  when  such  heavy  applications  are  used,  the  manure  is  well 
rotted.  Too  liberal  applications  of  manure  are  often  wasteful,  and 
better  results  are  generally  realized  by  the  use  of  frequent  light  appli- 
cations. 

IBBIGATION  BEFORE  PLANTING 
If  irrigation  is  necessary  before  planting,  it  should  be  given  before 
the  ground  is  spaded  or  plowed.  The  coarse  dirt  mulch  left  on  the  sur- 
face by  the  rake  or  harrow  retains  sufficient  moisture  in  the  soil  for 
sprouting  the  seed  and  for  the  early  development  of  the  plant.  An 
irrigation  after  spading  would  cause  the  soil  to  pack  too  much  and  a 
second  spading  would  be  required. 
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SEED  POTATOES 


The  Experiment  Station  has  tested  a  number  of  varieties  of  potatoes 
during  the  past  five  years,  with  the  result  that  Great  Divide,  Burbank, 
and  Peerless  were  the  highest  average  producers,  in  the  order  named. 
These  varieties  have  been  grown  in  Nevada  for  many  years  and  indicate 
the  value  of  well-selected  home-grown  seed  as  compared  with  that 
introduced  from  other  States.  The  Netted  Gem,  commonly  called  the 
"rough-skinned  Burbank,"  is  advancing  in  popularity  in  several  potato 
districts  of  Nevada. 

A  small  amount  of  seed  was  grown  in  1917  of  each  of  nine  leading 
varieties  of  potatoes  which  are  being  tested  in  different  Western  States 
under  irrigation,  the  object  being  to  obtain  a  sufficient  amount  of  seed 
for  a  test  of  these  varieties  in  1918  in  comparison  with  our  present  high 
producers.  Included  in  this  list  are  Producer,  White  Rose,  American 
Wonder,  Pride  of  Multnomah,  Earliest  Fall,  Snow  (California),  Early 
Prize  Taker,  Scotch  Rose,  and  Snow  (Oregon). 


Fig.  3 — A  Potato  weighing  10  to  12  ounces  properly  cat  for  seed. 

SEED  SELECTION 

The  most  successful  method  of  securing  seed  potatoes  is  to  go 
through  the  field  at  digging  time  and  dig  the  strongest  plants  that 
appear  most  productive.  If  the  hill  has  the  proper  number  of  uniform- 
shaped  tubers  that  are  free  from  scab  or  other  disease,  the  potatoes 
from  this  hill  should  be  saved  for  seed.  By  this  method  in  a  very  short 
period  of  time  the  farmer,  with  the  help  of  two  or  three  boys,  can 
obtain  excellent  seed  for  planting  the  following  year.  This  method  is 
more  expensive  than  getting  seed  from  storage,  but  the  increased  pro- 
duction the  following  year  pays  many  times  for  extra  labor  involved 
in  gathering  the  seed. 

For  this  reason  the  seed  should  be  secured  in  the  fall  when  the 
grower  has  the  opportunity  of  knowing  how  the  potatoes  were  grown 
and  that  they  were  properly  stored  through  the  winter  months  so  that 
their  germinating  power  has  not  been  impaired. 


Digitized  by 


Google 


13  

PBOPEB  STOaAGE  OF  SEED  IMPOBTANT 

Seed  potatoes  should  be  so  stored  that  they  will  remain  dormant  dur- 
ing the  winter.  Potatoes  that  have  been  affected  by  chilling  or  heating 
during  the  period  of  storage  will  not  produce  a  perfect  healthy  stand 
when  planted  the  following  spring.  During  storage  of  potatoes  in 
Nevada  the  past  winter,  heating  followed  freezing  in  many  cases.  In 
some  instances  the  freezing  was  so  severe  that  decomposition  of  the 
tissue  took  place,  causing  the  starch  to  change  to  sugar.  This  seriously 
impaired  the  vitality  of  the  seed,  and  led  to  the  poor  weak  development 
of  potatoes  in  many  of  our  fields  the  past  season. 

Growers  may  realize  good  crops  of  potatoes  from  seed  taken  from 
the  general  lot  in  the  spring,  but  a  marked  increase  will  be  noted  in 


— ^A  Machine  used  In  catting  large  quantities 
of  Potatoes  for  Seed. 

the  production  of  good  uniform  potatoes  when  the  seed  is  obtained  by 
the  method  of  hill  selection  from  the  field  in  the  fall. 


TBEATMENT  FOB  DISEASE 
The  following  treatment  is  reconmiended  for  the  prevention  of  scab 
and  other  diseases:  All  seed  potatoes  should  be  soaked  in  a  solution 
of  mercury  bichloride  (corrosive  sublimate),  4  ounces  in  30  gallons  of 
water,  for  one  and  one-half  hours.  Formalin  treatment  will  not  kill 
rhuocfonia  as  completely  as  mercury  bichloride.  The  solution  should 
be  placed  in  a  wooden  barrel  or  tank.    It  corrodes  metal.    It  should  be 
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poured  out  and  made  up  fresh  after  it  has  been  used  to  disinfect  four 
lots  of  potatoes.  It  is  poisonous  if  eaten,  but  is  not  poisonous  to  the 
touch.  Treated  potatoes  should  not  be  eaten  or  fed.  After  the  pota- 
toes have  been  treated,  they  should  be  stored  in  new  sacks  which  have 
been  similarly  disinfected  in  the  solution. 

The  formalin  treatment  is  as  follows:  Prepare  the  solution  by 
adding  one  pint  of  40  per  cent  formaldehyde  to  30  gallons  of  water. 
Place  the  sacks  of  potatoes  in  the  solution  and  leave  submerged  for  two 
hours.  After  removing  from  the  solution  the  potatoes  should  be  dried, 
cut  and  planted.  However,  if  stored  for  a  short  time,  they  should  be 
returned  to  the  same  sacks  which  have  been  disinfected  by  the  solution. ' 

CUTTING  THE  SEED 

The  potatoes  should  not  be  cut  in  pieces  less  than  one  ounce  in  size, 
and  the  best  crops  will  be  obtained  where  the  pieces  are  from  one  and 
one-half  to  two  ounces.     The  seed  piece  should  have  two  good  eyes. 


Fig.  5 — Excessive  Sprouting  saps  the  vitality  of  the  Potato  for  Seed. 

Where  more  than  this  number  of  eyes  is  present  or  where  larger  pieces 
are  used,  the  soil  must  be  very  fertile  and  the  seed  pieces  must  be 
planted  farther  apart  in  the  rows,  otherwise  the  percentage  of  small 
tubers  may  be  too  great. 

A  good  method  to  follow  in  cutting  the  seed  is  to  begin  cutting  from 
the  stem  end,  diagonally  across  the  potato,  being  careful  to  cut  the  seed 
end  so  that  too  many  eyes  are  not  left  in  one  piece. 

The  seed  should  be  planted  not  later  than  the  day  after  being  cut. 
If  exposed  to  warm  windy  weather  for  any  length  of  time,  too  much 
moisture  may  be  lost  and  the  seed  may  be  injured  by  excessive  drying. 

A  common  practise  in  Nevada  is  to  place  the  cut  seed  loosely  in  the 
disinfected  sacks  and  store  for  a  time  in  a  well-ventilated  place,  being 
careful  not  to  stack  the  sacks  in  a  large  heap.    This  often  injures  the 
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seed  by  caiising  it  to  turn  black  before  the  moisture  has  evaporated 
from  the  cut  surface. 

SPROUTING  THE  SEED 

Certain  growers  in  Nevada  have  used  the  method  of  sprouting  the 
seed  where  early  potatoes  were  desired.  The  general  method  followed 
consists  in  placing  the  potatoes  on  a  clean  floor  about  six  inches  deep, 
where  they  have  access  to  the  light,  for  about  a  month.  The  potatoes 
are  turned  every  few  days  in  order  to  obtain  uniform  sprouting. 
When  the  potatoes  are  handled  carefully  by  this  method,  very  little 
injury  is  caused  by  the  breaking  off  of  the  sp*routs  and  excellent  results 
are  realized. 

GBEENINa  SEED  POTATOES 

This  practise  consists  of  removing  the  seed  potatoes  from  storage  in 
the  spring  before  sprouting  has  commenced,  spreading  them  over  a 
clean  area  in  a  layer  about  6  inches  deep,  and  exposed  to  the  light,  and 


Fig.  6 — The  Ideal  Stage  of  Sprouting  for  the  Seed  Potato. 

turning  them  about  every  ten  days.  This  treatment  produces  a  green 
tough  skin  which  is  not  easily  rubbed  or  broken.  It  has  been  used  in 
preference  to  the  corrosive  sublimate  or  formalin  treatment  by  the 
Colorado  Station  in  the  prevention  of  disease.  This  practise  is  not 
common  in  the  potato  districts  of  Nevada. 

RATE  OF  SEEDINO 

Where  one-ounce  seed  pieces  are  used,  the  potatoes  should  be  planted 
in  rows  3  feet  apart^and  about  15  inches  apart  in  the  row.  With  two- 
ounce  seed  pieces  4tbe  distance  apart  in  the  row  may  be  18  inches. 

The  amount  of  seed  required  per  acre  with  different  sized  seed  pieces 
is  shown  in  the  following  table : 

Weight,  ounees  Pounds  of  seed  15  inches  between  hiUs 

1.0 720 

1.5 1,080 

2.0 1,440 
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PLANTING 

In  most  parts  of  Nevada  the  late  potatoes  are  planted  between  May 
1  and  20,  usually  about  4  or  5  inches  deep,  on  land  spaded  or  plowed 
at  least  8  inches  deep  before  the  1st  day  of  May. 


Fig.  7 — ^A  One-man  Potato  Planter.    The  Seat  is 
located  in  front  of  the  Seed  Hopper. 


Fig.  8— A  One-man  Potato  Planter.    The  Seat  is  located  behind 
the  Seed  Hopper. 
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On  small  tracts  a  common  method  of  planting  is  to  plow  the  land 
shallow  and  drop  the  seed  in  every  third  furrow.  A  large  number 
of  the  home  potato  patches,  however,  will  be  too  small  for  the  use  of 
the  plow,  in  which  case  the  planting  may  be  done  with  the  use  of  the 
shovel  or  hoe.  On  the  small  tracts  it  is  advisable  to  mark  out  the  land 
in  checks,  so  that  the  hills  of  potatoes  will  be  uniformly  spaced. 


9 — A  Two-man  Potato  Planter. 


IBBIGATIOK 

The  potato  rows  should  be  hilled  up  with  good  deep  furrows  between 
them,  so  that,  when  irrigated,  the  water  will  supply  the  deep-feeding 
roots,  but  will  not  come  in  contact  with  the  tubers. 


Fig.  10— Irrigating  a  Field  of  Nevada  Potatoes 

A  too  common  error  with  the  potato  grower  is  the  use  of  shallow 
furrows  for  carrying  the  water.  The  chief  danger  is  in  saturating  the 
ground  around  the  tubers,  causing  the  soil  to  become  hard  and  com- 
pact, a  very  undesirable  condition  for  the  development  of  a  good  hill 
of  uniform  potatoes.  It  is  thus  very  important  to  use  light  irrigations 
in  good  deep  furrows. 
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In  irrigation  experiments  with  potatoes  conducted  at  the  Experi- 
ment Station,  the  results  of  the  test  for  the  past  four  years  favor  the 
3-inch  irrigations  as  compared  with  6-  and  9-inch  applications.  The 
most  practical  results  w^re  obtained  with  six  3-inch  irrigations,  or  a 
total  of  18  inches  of  water,  given  when  the  plants  showed  a  tendency 
to  wilt. 

In  the  irrigation  of  potatoes,  the  best  results  w^re  obtained  when  the 
first  irrigation  was  withheld  until  the  plants  turned  a  darker  green 
color,  but  had  not  wilted.  This  condition  permitted  the  greatest  possi- 
ble root  development  to  supply  the  necessary  food  for  a  maximum 
crop.  Early  irrigation,  before  the  plants  showed  any  need  of  water, 
greatly  retarded  the  proper  development  of  root  system,  and  resulted 
in  a  decreased  yield  of  potatoes. 

After  irrigation  had  started,  it  was  found  very  essential  never  to 
allow  the  plants  to  suffer  for  lack  of  water  during  the  growing  season. 
Where  any  plants  wilted  slightly  after  irrigation  commenced,  the 
growth  of  the  plant  was  greatly  checked,  and  the  yield  and  quality  of 
the  tubers  were  seriously  affected. 

The  potato  crop  should  never  be  irrigated  by  means  of  flooding  or 
surface  sprinkling,  since  both  methods  cause  the  soil  to  pack  around 
the  tubers  and  prevent  the  ground  from  receiving  sufficient  water  for 
the  need  of  the  plants.  All  water  applied  to  the  potato  crop  should  run 
in  small  streams  through  deep  furrows  made  between  the  rows  of 
potatoes. 


Fig.  11 — The  Proper  Method  of  Irrigation  for  Potatoes. 


OVERIBBiaATION  AND  POOR  DBAINAaE 

The  potato  crop  is  very  sensitive  to  an  excess  of  moisture  in  the  soil. 
Most  of  the  failures  in  potato  growing  in  this  State  have  occurred  on 
the  heavy  lands,  and  have  been  due  chiefly  to  this  one  cause.  Soils 
which  contain  an  excess  of  water  are  too  cold  for  the  proper  develop- 
ment of  the  potato  and  offer  conditions  favorable  to  the  formation  of 
scab  and  rot.  Most  of  the  soils  on  the  Experiment  Station  Farm  are 
too  heavy  and  too  level  for  good  results  with  potatoes.  It  is  noted 
above  that  the  most  practical  method  of  irrigation  was  by  the  use  of 
light  applications  when  the  plants  had  turned  dark-green  in  color.  At 
the  time  of  harvest  this  ground  turns  up  in  large  clods  unless  irrigated 
immediately  before  digging.  This  condition  indicates  that  the  ground 
has  packed  too  firmly  for  the  proper  development  of  uniform  market- 
able potatoes.  Such  lands  are  made  more  porous  by  a  heavy  applica- 
tion of  lime  or  gj'psum,  but  the  potatoes  are  liable  to  be  badly  affected 
with  scab,  as  is  the  case  when  fresh  manure  is  used  in  large  quantities. 
Many  growers  overcome  this  objection  on  heavy  soils  by  planting  the 
potatoes  on  land  with  a  considerable  slope.  Here  the  drainage  is  good 
and  there  is  less  danger  that  the  soil  will  remain  too  wet. 

For  the  best  results  with  potato  growing,  well-drained  land  is  essen- 
tial, and  only  moderate  applications  of  water  should  be  given  the  crop 
when  needed. 
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CULTIVATION 

Cultivation  should  be  given  after  each  irrigation  until  the  plants  are 
so  large  as  to  be  injured  by  the  horse  or  cultivator.  Cultivation  is  just 
as  important  as  irrigation  for  success  in  potato  culture,  since  it 
thoroughly  aerates  the  soil,  keeps  down  the  weeds,  helps  to  retain 
moisture  in  the  soil  and  maintains  a  good  deep  furrow  for  irrigation. 
The  soil  should  be  kept  in  a  moist  condition  until  the  potatoes  are  fully 


Fig.  12 — A  W&lkiiig  Potato  Digger,  commonly  used  by  the  small 
grower  In  Nevada. 

grown.  In  most  of  the  potato  districts  of  Nevada,  irrigation  will  gener- 
ally cease  from  August  15  to  31,  varying  with  the  season  and  time  of 
planting.  n 

Practically  all  cultivation  on  the  home  potato  patches  will  be  given 
with  a  hoe.  Even  though  weeds  are  not  present  to  any  great  extent, 
cultivation  with  thp  hoe  is  still  very  important  in  order  to  keep  the  soil 


Fig.  13 — One  Type  of  Sulky  Potato  Digger  used  in  Nevada. 

in  a  loose  mellow  condition  around  the  tubers.  The  most  important 
reminder  for  the  potato-grower  is  to  eradicate  all  weeds  while  still 
small.  If  weeds  are  allowed  to  grow  for  several  weeks,  they  are  not 
only  removed  by  the  hoe  with  considerable  difficulty,  but  they  also 
drain  the  soil  of  moisture  and  plant-food  which  should  be  utilized  by 
the  potato  plants  for  a  maximum  production. 
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THINNINa 


The  thinning  of  potatoes  grown  under  irrigation  has  not  been  prac- 
tised with  any  degree  of  success  where  tried  in  Nevada.  The  object  of 
thinning  is  to  remove  the  less  thrifty  stems  and  to  establish  unifor- 


Fig.  14 — ^Another  Type  of  Sulky  Potato  Digger  used  in  Harvesting 
Nevada  Potatoes. 

mity  in  the  number  of  stems  per  hill.  The  Montana  Station  conducted 
experiments  in  1913  and  1914  on  the  thinning  of  potatoes,  and,  with 
the  Burbank  variety  planted  12  inches  apart  in  the  rows,  the  yield 
of  marketable  potatoes  was  over  20  per  cent  higher  for  the  unthinned 
potatoes  than  for  those  which  were  thinned. 


Fig.  15 — A  Simple  Type  of  Hand  Potato  Sorter. 

The  thinning  of  potatoes  is  not  to  be  recommended  for  Nevada  grow- 
ers, and  where  seed  pieces  are  used  with  not  more  than  two  or  three 
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good  strong  eyes,  little  trouble  is  encountered  in  producing  too  many 
stems  to  the  hill. 

SOBTINa  FOB  MABKET 

The  demand  for  a  more  uniform  potato  that  is  free  from  disease  and 
blemishes  has  caused  a  number  of  Nevada  growers  to  sort  or  grade 
their  potato  crop  before  marketing.  For  small  lots  an  ordinary  hand 
sorter  is  very  effective.  This  consists  simply  in  an  inclined  table  with 
slats  to  allow  the  dirt  to  fall  through,  and  with  the  lower  side  open 
so  that  the  market  potatoes  can  pass  into  the  attached  sack.  This  is 
not'  a  very  long  or  difficult  process,  and  it  adds  greatly  to  the  market 
value  and  keeping  quality  of  the  potato.  The  culls  may  be  used  on  the 
farm  as  a  succulent  feed  for  dairy  cattle  or  hogs. 


Fig   16 — ^A   Potato   Sorter   showing   Sack 
Attachment  for  Market  Potatoes. 

The  standard  market  grades  as  now  established  in  the  United  States 
are  as  follows : 

No.  1 — Potatoes  over  1%  inches  in  diameter  for  the  round  varie- 
ties and  1%  inches  in  diameter  for  the  long  varieties. 
Less  than  5  pier  cent  shall  be  undersized,  and  an  addi- 
tional 3  per  cent  is  allowed  for  injured  potatoes. 
No.  2 — Potatoes  over  l^^  inches  in  diameter  and  not  more  than  5 
per  cent  undersized.  An  additional  5  per  cent  is  allowed 
for  injured  potatoes. 
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Fig.  17— A  Home-made  Sled  Potato  Sorter  used  in  the  Truckee  Val- 
ley. One  man  with  this  Machine  follows  five  pickers  in  sorting 
and  sacking  the  potatoes  ready  for  market. 


Fig.   18 — Another  View  of  the  Home- 
made Sled  Potato  Sorter. 


STOBINa 

On  account  of  the  severe  win- 
ters, which  occur  in  Nevada  from 
time  to  time,  growers  should  pro- 
vide storage  facilities  for  their 
crops  that  the  tubers  may  not  be 
injured  by  freezing  or  heating. 
Both  the  cellar  and  the  ordinar>' 
field  pit  may  be  used  successfully 
for  this  purpose.  In  Bulletin  79 
of  the  Idaho  Experiment  Station, 
the  following  information  is  given 
concerning  potato  cellars,  which  is 
very  applicable  to  Nevada  condi- 
tions : 

III  a  dry  well-drained  location  a  pit 
four  feet  deep  and  any  width  and 
leni;tli  to  accommodate  the  needs 
sliould  be  dug.  A  linoll  is  preferable 
to  a  side  hill.  It  may  be  stated  that 
a  cubic  foot  will  store  approximately 
forty  pounds.  The  studding  for  side 
walls  may  be  ix)sts  set  firmly  in  the 
ground  and  should  rise  a  foot  above 
the  surface  of  the  ground.  The  roof 
need  not  have  greater  than  one-fourth 
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pitch.  It  may  be  built  of  round  poles  or  4x4-inch  timbers  for  the  rafters  and 
covered  with  stock  luml)er.  Ventilators  10x10  inches  are  nwessary  every  sixteen 
feet  in  the  ridge.  The  whole  structure  is  now  ready  for  the  final  covering,  and 
it  may  be  started  with  eighteen  inches  of  straw  and  then  six  to  eight  inches  of 
the  soil  which  was  remove<i  from  tlie  pit. 

Where  large  amounts  are  to  be  stored  the  cellar  should  be  wide  enough  to 
permit  of  a  driveway.  There  need  not  be  a  door  at  each  end,  although  that  is 
better.  Where  the  crop  is  stored  in  sacks  a  floor  is  necessary,  as  sacks  will  rot 
if  put  in  contact  with  the  soil.  This  floor  may  be  slatted,  as  this  will  facilitate 
ventilation. 

The  temperature  for  best  results  should  be  but  two  or  three  degrees  above 
the  freezing-point,  34°F.  being  ideal.  This  temperature  should  be  main- 
tained as  nearly  as  possible.  With  some  attention  this  is  simple.  Where  the 
nights  of  spring  and  fall  are  cool,  as  in  almost  all  parts  of  the  State,  the  open- 
ing of  doors  in  the  evening  and  closing  early  in  the  morning  after  the  crop  is 
put  in  will  soon  reduce  the  temperature  to  the  standard.  It  can  be  maintained 
quite  closely  by  the  judicious  use  of  the  doors  throughout  the  storage  season. 


Fig.  19 — ^A  Potato  Pit  used  in  storing  a  large  portion  of  the 
Nevada  Potato  Crop. 

Much  of  the  Nevada  potato  crop  is  stored  in  field  pits,  which  are 
located  on  high  land  in  the  field  where  good  drainage  is  possible.  The 
bulletin  on  Nevada  Potatoes,  by  C.  A.  Norcross,  describes  in  detail  the 
storing  of  potatoes  in  pits  as  follows : 

Having  chosen  a  site  for  a  pit,  scrape  ofT  about  six  inches  of  the  top  soil,  and 
form  a  ridge  about  the  base  of  the  proposed  pit,  which  should  be  about  four 
and  one-half  or  five  feet  wide  by  sixteen  or  twenty  feet  long.  Tramp  the  bed 
80  it  is  as  hard  and  firm  as  possil>le  and  smooth  it.  The  potatoes  are  poured 
into  this  open  pit  on  the  dirt  and  piled  to  a  triangle  point  or  ridge,  the  length 
of  the  pit.  When  so  piled,  cover  the  potatoes  with  dry  potato  vines  or  straw 
80  that  when  compressed  the  mat  will  be  three  or  four  inches  in  thickness.  Over 
this  layer  of  vines  of  straw  throw  a  six-inch  layer  of  dry  dirt,  leaving  two  or 
three  openings  at  the  top  of  the  pit  for  the  escape  of  heat  and  moisture.  Pat 
the  outside  of  the  dirt  covering  with  the  back  of  a  shovel  until  it  is  firm  and 
WDooth  80  that  rain  will  run  off  rather  than  percolate. 

Next,  dig  a  drain  around  the  pit  and  leading  away  from  it,  and  the  first 
stage  of  the  pit  is  completed.    After  a  week  or  so  close  the  openings  left  for 
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ventilation.  Before  freezing  weather  commences  in  earnest  add  a  foot  or  more 
of  soil  to  the  pit  covering,  pat  It  down,  and  see  that  the  drainage  ditches  are 
ppen.  The  depth  of  the  final  soil-covering  varies  in  different  sections,  and  the 
experience  of  local  farmers  is  the  best  criterion. 

Pits  should  be  located  north  and  south,  rather  than  east  and  west,  in  order 
to  render  uniform  the  sunshine  on  both  slopes.  When  placed  east  and  west 
the  north  slope  is  usually  damper  than  the  other  and  is  slower  to  thaw  in  the 
spring.  The  sunshine,  while  it  warms  the  sides,  also  evaporates  the  moisture, 
r^idering  a  north-and-south  pit  drier  than  one  that  is  east  and  west. 

For  further  information  on  potato  culture,  address 
Department  op  Agronomy, 
University  of  Nevada, 
Reno,  Nevada. 
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SILAGE  CROPS  FOR  NEVADA 


INTRODUCTION. 


Not  until  the  past  two  years  has  any  serious  consideration 
been  given  to  the  problem  of  introducing  silage  as  a  part  of  the 
feed  ration  for  farm  and  range  livestock.  The  reason  for  this 
was  that  first-class  alfalfa  hay  was  always  available  to  the  feed- 
ers at  a  price  varying  from  five  to  ten  dollars  per  ton.  Since  the 
price  of  hay  and  grain  has  practically  doubled  in  Nevada  the 
farmers  and  ranchers  are  now  forced  to  consider  seriously  the 
growing  of  some  cheap  succulent  roughage  to  supplement  these 
high-priced  feeds  for  fattening  and  wintering  the  livestock. 

In  Nevada,  where  so  many  of  the  livestock  are  fed  alfalfa 
hay  during  the  winter  months,  the  use  of  silage,  low  in  protein 
and  relatively  high  in  carbohydrates,  prevents  to  a  large  extent 
the  digestive  troubles  of  cattle  caused  by  the  continuous  use  of 
the  high-protein  alfalfa  hay. 

Silage  contains  about  70  per  cent  of  water  at  the  time  it  is 
fed,  thus  furnishing  a  succulent  feed  that  keeps  up  the  quantity 
of  milk  during  the  winter  period,  which  is  impossible  on  dry 
feeds  alone.  Where  silage  is  used  as  a  part  of  the  dairy  cow 
ration,  more  animals  may  be  kept  on  a  given  area  of  farm  than 
otherwise,  due  to  the  exceptionally  heavy  yields  of  forage  that 
are  possible  with  crops  like  com  and  Russian  sunflower. 

In  previous  years  many  stockmen  considered  that  the  grow- 
ing and  feeding  of  silage  was  not  a  profitable  undertaking  with 
an  adequate  supply  of  other  desirable  cheap  feeds  available.  The 
time  has  come,  however,  when  the  silo  is  to  be  closely  associated 
with  profitable  dairying  and  livestock  feeding  in  this  state. 

SILAGE  CROPS. 

A  number  of  crops  adapted  to  the  soil  and  climatic  condi- 
tions of  Nevada  are  especially  well  suited  for  silage  purposes. 
In  some  localities  certain  of  the  crops  mentioned  will  do  better 
than  others  in  this  connection,  and  the  discussions  which  follow 
cover  to  a  large  extent  the  comparative  value  of  these  crops  and 
the  methods  of  culture  for  the  best  results  under  the  different 
conditions  in  the  State.  The  most  important  silage  crops  for 
Nevada  are  com,  Russian  sunflower,  Sudan  grass,  wheat,  millet, 
field  peas  and  oats,  sweet  clover,  alfalfa,  sorghum,  Russian  thistle 
and  sugar  beet  tops. 

CORN. 

Com  is  the  crop  generally  grown  for  the  silo.  Corn  silage 
and  alfalfa  hay  make  a  good  balanced  ration  and  the  ensilage 
provides  a  succulent  and  very  palatable  food  when   needed 
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4  SILAGE  CROPS  FOR  NEVADA 

Experiments  conducted  for  a  period  of  four  years  with  eleven 
hardy  northern  varieties  of  com  show  the  following  average 
residts: 


A  Heavy  Crop  of  Silage   Corn   Grown   in   Clark   County. 

Average  Yield  per  Acre  of  Ensilage,  Pounds,  1913-1916. 

Variety  Pounds  per  Acre 

Improved  Learning 22,570 

Sweepstakes  21,955 

Colorado  Yellow  Dent 19,944 

Disco  90.Day  Seed  Com 19,746 

Pride  of  Minnesota 19,247 

Swadley's  Field  Com 18,871 

Sure  Crop 18,669 

Huron  Dent 18,593 

Minnesota  No.  13 18,532 

Pride  of  the  North 17,408 

Wisconsin  Yellow  Dent 17,067 

In  these  tests  the  seed  was  planted  between  the  15th  and 
20th  of  May  with  a  hand  com  planter  about  three  inches  deep 
and  from  20  to  30  inches  apart  in  the  row.  Furrows  were  made 
between  the  rows  for  the  irrigation  of  the  crop.  During  the 
four-year  period  the  Improved  Leaming  variety  was  the  highest 
producer  with  11.3  tons  per  acre.  In  no  year  did  any  variety 
mature  grain,  but  in  most  seasons  certain  types  produced  profit- 
able crops  of  silage,  which  provided  a  very  palatable  and  satis- 
factory feed  for  cattle  and  sheep  when  fed  in  connection  with 
alfalfa.  Each  year  a  killing  frost  occurred  between  the  10th  and 
the  20th  of  September,  which  stopped  the  growth  of  all  varieties 
before  the  grain  had  matured ;  but  in  every  instance  the  grain 
had  reached  the  milk  stage  and  in  some  varieties,  the  glazing 
stage.  In  most  of  the  dairy  districts  of  Nevada  com  can  be 
matured  sufficiently  to  make  a  good  quality  of  silage.  The 
greater  portion  of  the  feeding  value  of  the  com  plant  is  in  the 
grain.  Therefore,  when  the  grain  fails  to  develop,  the  com  stalks 
alone  can  not  be  considered  a  good  silage  crop. 
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The  Russian  Sunflower  is  especially  well  adapted  to  Nevada 
conditions  and  produces  a  very  heavy  yield  of  silage.  This  is  a 
sinfirle  stalk  variety  which  develops  a  large  head  about  seven 
inches  in  diameter.  The  seed  is  planted  about  two  inches  deep 
in  a  siniilar  manner  to  com  between  the  middle  of  May  and  the 
first  of  June  in  rows  about  three  feet  apart  and  from  four  to 
eight  inches  apart  in  the  row.  When  grown  for  seed  about  12 
inches  should  be  left  between  plants  in  the  row.  The  crop  is 
irrigated  and  cultivated  like  com,  and  is  harvested  for  ensilage 
when  the  seeds  have  developed  to  the  late  milk  stage  but  before 
they  have  been  taken  by  the  birds.  Where  birds  are  trouble- 
some, the  crop  should  be  cut  when  in  the  early  milk  stage  and 
placed  in  the  silo.  A  small  area  of  this  crop  may  be  cut  success- 
fully in  a  comparatively  short  time  with  the  ordinary  com  knife 
or  sharp  hoe  with  a  short  handle.  In  harvesting  large  areas  the 
com  harvester  will  be  found  effective. 
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Russian  Sunflower  produces  about  twice  as  much  Silage  as  Corn  in 
Nevada  and  has  an  Equal  Feeding  Value. 

The  sunflower  is  ready  for  harvest  by  the  first  of  September 
and  thus  can  be  cut  green  and  placed  in  the  silo  before  any  injury 
is  caused  by  a  killing  frost.  In  this  respect  it  excels  com  for 
ensilage,  as  com  is  sometimes  seriously  injured  by  a  killing  frost 
before  it  has  reached  the  proper  stage  of  development  for  silage* 
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6  SILAGE  CROPS  FOR  NEVADA 

The  com  grown  at  the  Reno  Experiment  Station  reaches  the 
proper  stage  of  maturity  about  the  middle  of  September. 

In  our  experiments  with  the  Russian  sunflower  last  year  the 
crop  yielded  over  23  tons  of  silage  in  comparison  to  about  14  tons 
of  com  silage  in  the  same  experiment. 

After  harvesting  the  sunflower  was  cut  into  pieces  about  % 
of  an  inch  long  with  an  ensilage  cutter  and  placed  in  the  silo. 
Later  it  was  fed  in  connection  with  alfalfa  hay  and  rolled  barley 
to  the  University  Dairy  Herd  with  excellent  results.  The  coarse 
stems  and  heads,  including  the  seed,  went  through  the  proper 
stages  of  fermentation  and  worked  up  into  a  mealy,  succulent 
pulp  which  was  very  palatable  and  was  entirely  consumed  by  the 
stock. 

Recent  investigations  by  the  Montana  Station  comparing 
Russian  sunflower  and  com  silage  where  an  average  of  over  70 
pounds  of  each  silage  were  consumed  daily  per  head,  show  that 
the  sunflower  silage,  pound  for  pound,  was  about  equal  to  the 
com  silage  as  a  feed  for  dairy  cows. 


Sudan  Grass  grows  especially  well  in  Nevada. 

SUDAN  GRASS. 

Sudan  grass  is  an  annual  forage  crop  which  belongs  to  the 
sorghum  family  and  somewhat  resembles  millet  in  habit  of 
flrrowth.     It  attains  a  height  of  from  five  to  seven  feet,  is  not  a 
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difficult  crop  to  grow  in  Nevada  and  produces  an  abundance  of 
forage. 

Sudan  grass  will  grow  on  all  well-drained  soils  of  Nevada, 
although  like  most  other  crops  it  produces  the  best  results  on  the 
fertile  loam  soils.  When  planted  in  rows  and  given  continuous 
cultivation,  this  crop  will  withstand  considerable  drought.  The 
planting  must  be  delayed  until  the  danger  of  late  spring  killing 
frosts  has  passed.  At  the  Experiment  Station  the  practice  has 
been  to  sow  from  the  15th  to  the  25th  of  May.  If  the  crop  is  to 
be  grown  for  forage  the  seed  may  be  broadcasted  or  sown  with  a 
grain  drill  not  over  one  and  one-half  inches  deep  at  the  rate  of 
about  twenty  pounds  to  the  acre. 

In  most  agricultural  sections  of  Nevada  as  at  the  Experi- 
ment Station,  only  one  crop  of  Sudan  grass  is  possible,  and  the 
crop  is  best  cut  for  silage  when  the  seeds  have  reached  the  milk 
stage,  in  the  latter  part  of  August.  The  crop  is  harvested  like 
alfalfa,  is  run  through  an  ensilage  cutter  and  placed  in  the  silo. 
The  silage  is  highly  relished  by  dairy  cattle  and  makes  a  very 
desirable  combination  with  alfalfa  hay  as  it  is  relatively  low  in 
protein  and  well  supplied  with  carbohydrates.  Sudan  grass 
should  be  used  for  pasture  with  considerable  caution  on  account 
of  the  danger  of  poison  to  stock  from  the  prussic  acid  contained 
in  the  immature  plants. 

The  results  of  tests  at  the  Experiment  Station  show  that 
Sudan  grass  will  produce  on  an  average  of  from  7  to  10  tons  ot 
silage  per  acre. 


Marquis  Wheat  Producing  Seven  Tons  of  Silage  per  Acre. 

WHEAT. 


The  wheat  plant  makes  a  very  palatable  and  nutritious 
?e,  and  is  used  extensively  for  this  purpose  by  the  dairy- 
men of  the  northwest.  The  crop  is  grown  similar  to  wheat  raised 
for  seed,  and  is  cut  for  silage  when  it  has  reached  the  late  milk 
stage.    Farmers  generally  are  very  familiar  with  the  require- t 
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8  SILAGE  CBOPS  FOR  NEVADA 

ments  of  wheat  and  for  this  reason  grow  it  in  preference  to  other 
higher  producing  forage  crops.  The  Experiment  Station  has 
produced  an  average  yield  of  from  5  to  7  tons  of  wheat  silage  per 
acre.  The  wheat  was  planted  during  the  month  of  April  with  a 
grain  drill,  at  the  rate  of  from  75  to  90  pounds  of  seed  per  acre. 
On  very  fertile  ground  the  heavier  seeding  is  recommended  when 
the  crop  is  grown  for  silage. 

MILLETS. 

The  millets  do  not  grow  well  until  the  hot  weather  ap- 
proaches, but  if  planted  by  the  first  of  June  they  will  mature  a 
good  silage  crop  in  about  ten  weeks.  They  are  decidedly  drought 
resistant  and  will  grow  well  in  regions  of  slight  rainfall.  Millet 
does  better  on  the  sandy  loams  than  on  the  heavy  clays.  Since 
the  seed  is  small,  the  ground  should  receive  about  the  same  prep- 
aration as  when  fitted  for  seeding  to  alfalfa.  The  plant  has 
abundant  feeding  roots  and  will  grow  fairly  well  on  poor  soil. 


Millet  Varieties  grown  for  Silage  at  the  Experiment  Station. 

The  same  method  of  seeding  may  be  used  as  for  alfalfa.  Twenty- 
five  pounds  of  good  seed  to  the  acre  is  sufficient,  but  with  inferior 
seed  twice  this  amount  may  be  required.  The  crop  should  be  cut 
for  silage  when  the  seed  has  reached  the  milk  stage,  using  the 
same  methods  of  harvesting  as  with  alfalfa.  The  results  of  tests 
with  millet  varieties  at  the  Experiment  Station  show  the  Siberian 
and  Hog  varieties  to  be  our  best  producers,  yielding  from  6  to  8 
tons  of  silage  per  acre.  The  silage  is  very  similar  in  palatability 
and  feeding  value  to  Sudan  grass  silage. 

FIELD  PEAS  AND  OATS. 

In  growing  field  peas  and  oats  for  silage  it  has  been  found 
a  good  practice  to  plant  the  peas  about  two  weeks  earlier  than 
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the  oats,  drilling  the  peas  to  a  depth  of  from  two  to  three  inches. 
In  this  way  the  two  crops  make  a  more  even  growth,  and  the 
peas  are  not  stunted  by  the  rapid  early  growing  oats.  Usually 
both  crops  are  planted  with  a  grain  drill,  closing  every  alternate 
drill  hole  for  the  peas,  and  using  about  1^^  bushels  of  seed  of  each 
crop.  This  crop  is  not  so  well  adapted  for  silage  as  those  pre- 
viously mentioned.  We  do  not  consider  oats  well  suited  to  the 
climatic  conditions  in  Nevada,  as  the  heads  are  often  seriously 
blasted  and  checked  in  growth  during  the  early  formation  of 
seed.  This  combination  has  produced  an  average  yield  of  from 
5  to  7  tons  of  silage  per  acre  in  tests  at  the  Experiment  Station. 

SORGHUM. 

An  experiment  with  varieties  of  non-saccharine  sorghimi 
was  carried  on  for  a  period  of  two  years.  Although  the  yields  of 
green  forage  were  about  the  same  as  those  of  the  corn  varieties, 
the  plants  made  such  a  slow  early  growth  that  no  grain  was 
formed  during  either  year.  The  average  results  for  the  two 
years  are  included  in  the  following  table : 

Average  Yield  Per  Acre  of  Silage,  Pounds,  1914-15. 

Variety  Pounds  per  Acre 

Red  Kafir  Com 21,736 

Dwarf  Black  Hulled  Kafir 18,149 

White  Kafir  Com 18,098 

Broom  Corn 16,937 

Feterita  16,220 

Yellow  Milo  Maize  (Dwarf) 14,839 

Broom  Com  (Oklahoma) 11,179 

Jerusalem  Com 7,675 

Shallu   5,612 


SoFRhum  Varieties  jfrown  for  Silap^e  at  the  Experiment  Station. 
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In  this  test  the  seed  was  planted  between  the  15th  and  25th 
of  May  in  rows  three  feet  apart  and  about  two  inches  deep.  The 
crop  was  irrigated  in  the  same  manner  as  com.  The  Broom- 
corns  advanced  the  most  toward  maturity.  Although  the  growth 
was  checked  each  year  by  a  killing  frost  early  in  September,  a 
uniform  crop  of  excellent  heavy  brush  was  formed  with  two  vari- 
eties of  Broom-corn.  During  the  years  1914  and  1915,  the  Red 
Kafir  and  the  Dwarf -Black-Hulled  Kafir  were  the  highest  pro- 
ducers with  21,736  and  18,149  pounds  of  forage  per  acre  respect- 
ively. The  greater  portion  of  the  nutriment  of  the  sorghum 
plant  is  in  the  grain,  and  since  no  grain  was  formed  on  the  varie- 
ties of  Kafir  or  Feterita,  these  crops  are  not  considered  so  valu- 
able for  silage  as  com.  In  certain  agricultural  districts  of  Ne- 
vada the  sorghum  will  mature  a  grain  crop,  but  the  greater  pro- 
duction of  grain  and  higher  feeding  value  gives  the  corn  crop 
the  advantage  for  ensilage. 

Feeding  experiments  conducted  at  the  South  Dakota  Station 
show  that,  pound  for  pound,  com  silage  is  nearly  twice  as  valu- 
able as  sorghum  silage  in  producing  livestock  gains.  Sorgum 
is  not  to  be  recommended  as  a  silage  crop  in  Nevada  where  com 
can  be  grown  successfully. 

ALFALFA. 

The  results  of  investigations  at  the  Experiment  Station  in 
the  feeding  of  alfalfa  silage  to  cattle  and  sheep  show  that  such 
a  practice  is  not  profitable  where  first  quality  alfalfa  is  used. 
Where  the  quality  of  hay  is  injured  by  frequent  rains  after  cut- 
ting or  by  frost  early  in  the  summer  the  alfalfa  can  be  profitably 
handled  as  silage  and  in  this  condition  maintains  practically  its 
full  value  in  nutrients.  Alfalfa  silage  should  be  used  if  possible 
before  the  first  of  the  year  in  order  to  realize  the  full  feeding 
value. 

SWEET  CLOVER. 

Nevada  possesses  a  large  area  of  sub-irrigated  land  where 
the  water  table  is  too  close  to  the  surface  and  the  alkali  content 
is  too  high  for  the  culture  of  alfalfa  and  many  other  staple  crops. 
Sweet  clover  has  been  found  to  be  especially  well  adapted  to  a 
large  portion  of  such  lands,  growing  with  little  or  no  irrigation, 
the  water  table  being  close  enough  to  the  surface  to  supply  the 
needs  of  the  crop.  Sweet  clover  is  now  found  growing  wild  on 
ditch  banks  and  in  low  places  throughout  the  State,  which  is  a 
good  indication  of  its  suitability. 

White  sweet  clover  is  the  variety  found  growing  commonly 
in  Nevada.  It  lives  for  only  two  years.  The  crop  is  cut*  for  silage 
when  the  plants  are  about  one-third  in  bloom.  It  makes  good 
silage  for  cattle  and  sheep  and  in  this  form  the  entire  crop  is 
utilized ;  still,  the  use  of  this  crop  for  ensilage  is  to  be  recom- 
mended only  when  conditions  prevent  its  proper  curing  and 
handling  for  hay. 

RUSSIAN  THISTLE. 

The  Russian  thistle  is  a  noxious  weed  widely  distributed  in 
Nevada.     It  should  never  be  planted  as  a  silage  crop  or  for  any 
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other  purpose.  Only  in  those  districts  where  it  is  found  growing 
abundantly  as  a  weed  and  where  there  is  a  shortage  of  other 
silage  crops  is  it  recommended  that  the  Russian  thistle  be  used. 
The  feeding  value  of  the  Russian  thistle  has  been  estimated  to  be 
about  fifty  per  cent  of  that  of  good  alfalfa  hay. 

Mr.  E.  R.  Mackay  of  Fallon  who  has  used  Russian  thistle 
silage  as  a  livestock  feed,  states  that : 

"The  Russian  thistle  is  the  most  serious  weed  pest  on  the 
Truckee-Carson  project.  It  will  grow  everywhere,  where  land  is 
not  cultivated,  under  irrigation  and  on  the  higher  lands  where  the 
water  does  not  reach  it.  Last  year  we  experienced  a  shortage  of 
crops  to  fill  the  silo,  so  decided  to  use  the  Russian  thistle.  The 
thistles  were  cut  with  a  mowing  machine  the  last  of  August  just 
as  the  spines  were  forming  on  the  plants,  and  placed  in  the  silo 
at  a  total  cost  of  $1.65  per  ton.  Salt  was  added  according  to 
judgment  as  the  silo  was  being  filled. 

"We  started  feeding  the  silage  to  steers  at  night  with  eight 
pounds  per  head  daily,  gradually  increasing  this  amount  to  20 
pounds  for  each  feeding.  The  value  of  the  silage  is  estimated  at 
$7.00  per  ton.  It  is  highly  relished  by  the  stock  which  are  show- 
ing much  better  gains  than  those  fed  on  alfalfa  alone." 

ROOT  CROPS   FOR  SUCCULENCE. 

On  account  of  the  high  price  of  alfalfa  hay  many  dairymen 
and  stockmen  who  are  not  prepared  to  build  silos  are  growing 
some  form  of  root  crop  for  succulence.  The  Experiment  Station 
has  conducted  a  series  of  tests  with  the  different  classes  of  root 
crops.  The  stock  turnips,  rutabagas,  field  carrots,  parsnips,  and 
swedes  have  been  found  undesirable  on  account  of  the  serious 
insect  pests  which  constantly  attack  these  crops  and  prevent  their 
successful  development. 

SUGAR    BEETS    AND    MANGELS. 

The  beets  and  mangels  are  very  well  adapted  to  Nevada  con- 
ditions and  if  given  proper  care  will  produce  heavy  yields  of 
roots.  A  test  was  made  on  the  comparative  value  of  sugar  beets, 
half -sugar  beets  and  mangels  for  feeding  purposes. 

The  beet  varieties  were  planted  during  the  month  of  April 
each  year.  The  seed  was  sown  at  the  rate  of  12  pounds  of  man- 
gels and  20  pounds  of  sugar  beets  per  acre  about  one  inch  deep 
in  rows  two  feet  apart.  The  beets  were  thinned  to  one  plant 
every  10  or  12  inches  apart  in  the  row. 

The  results  show  that  under  favorable  conditions  the  mangel 
will  produce  about  30  tons  per  acre,  the  half -sugar  beet  20  tons 
and  the  sugar  beet  15  tons  per  acre.  The  variety  "Our  Ideal"  was 
the  highest  producing  mangel,  and  the  "Golden  Tankard"  the  best 
yielding  half -sugar  beet. 

The  mangel  produced  about  twice  as  much  feed  as  the  sugar 
beet  but  due  to  the  high  content  of  carbonaceous  material  in  the 
sugar  beet,  it  has  a  greater  value  per  acre  than  the  mangel.  Also 
the  sugar  beets  are  in  a  more  concentrated  form  and  require  much 
less  Labor  in  harvesting  the  crop.    The  beets  from  this  test  were  t 
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Sugar  Beets  Shortly  After  Thinning  Showing  an  Almost  Perfect  Stand. 


fed  to  the  University  Dairy  herd,  and  a  value  was  placed  on  the 
roots  at  the  rate  of  $7.00  per  ton  for  the  sugar  beets,  $4.00  per 
ton  for  the  half-sugar  beets  and  $3.00  per  ton  for  the  mangels 
The  sugar  content  varied  from  4.5  per  cent  in  the  mangels  to  19.5 
per  cent  in  the  sugar  beets. 

These  results  indicate  that  the  sugar  beet  is  the  most  valu- 
able root  crop  for  feeding  purposes  under  Nevada  conditions.  No 
silo  is  required  for  storing  the  beet.  The  method  comlnonly  used 
in  Nevada  where  the  rainfall  is  so  slight,  is  to  pit  them  in  the 
ground  in  a  similar  manner  to  the  pitting  of  potatoes.  The  beets 
are  cut  up  by  an  ordinary  feed  cutter  or  chopper  when  fed  to 
cattle  or  sheep.  Stock  feeders  in  Nevada  have  paid  as  high  as 
$7.00  per  ton  for  sugar  beets  to  be  used  as  a  supplementary  feed 
to  alfalfa  in  preparing  cattle  and  sheep  for  the  market.  The 
finely  chopped  beets  are  especially  valuable  in  fattening  ewes 
with  poor  teeth. 

BEET   TOP   SILAGE. 

In  the  Fallon  district  last  year  the  sugar  beet  tops  yielded  as 
high  as  from  two  to  five  tons  per  acre.  Many  tons  of  these  tops 
were  used  for  silage  this  winter  as  a  feed  for  cattle  and  sheep. 
Instead  of  being  placed  in  a  silo,  the  tops  were  pitted  somewhat 
on  the  plan  of  pitting  potatoes,  the  packing  of  the  silage  being 
done  by  the  teams  and  wagons  driving  continuously  over  the  long 
pile  in  unloading  the  silage.  The  piles  were  carefully  covered  and 
later  fed  to  stock  in  connection  with  alfalfa  hay. 

In  siloing  tops  it  is  necessary  to  follow  the  toppers  and  throw 
the  beets  tops  in  large  piles  to  prevent  them  from  drying.  They 
should  be  hauled  immediately  to  the  pits  for  storage,  and  fed 
within  the  next  few  months.-  The  beet  top  silage  has  about  the 
same  feeding  value  as  the  Russian  thistle  silage. 

FILLING  THE  SILO. 

Tests  at  the  Experiment  Station  show  that  three-fourths  of 
an  inch  is  a  very  desirable  length  to  cut  the  silage.  This  permits 
the  silage  to  be  well  packed  and  the  proper  fermentation  to  take 
place.     In  filling  the  silo  two  or  three  men  should  continually 
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tramp  over  the  silage  in  order  that  it  is  thoroughly  packed.  When 
possible  an  interval  of  a  day  between  the  periods  of  filling  will 
greatly  facilitate  the  packing. 

Most  of  the  silage  crops  grown  in  Nevada  are  too  dry  when 
cut  to  pack  thoroughly.  Water  must  therefore  be  added  while 
the  silo  is  being  filled  to  make  possible  the  necessary  packing. 
Com  or  other  silage  crops  which  have  been  partially  dried  by  a 
killing  frost  before  being  cut  will  require  the  addition  of  consid- 
erable more  water  at  the  time  of  filling  than  would  otherwise  be 
necessaiy.  The  amount  of  water  to  add  is  determined  by  a  man 
in  the  silo  at  the  time  of  filling.  Less  injury  will  result  in  a 
slight  excess  than  in  a  deficiency  of  water,  although  if  too  wet 
the  silage  is  handled  later  with  greater  difficulty. 

A  common  practice  in  covering  the  silage  is  to  plant  oats 
thickly  on  the  top  before  the  last  wetting.  The  oat  roots  form  a 
dense  mass  over  the  surface  and  exclude  the  air.  The  total  cost 
of  producing  silage  in  Nevada  will  amount  to  three  or  four  dol- 
lars per  ton  under  existing  conditions. 

SILAGE  AS  A  LIVESTOCK  FEED. 

Com  silage  has  been  fed  at  the  Experiment  Station  for  sev- 
eral years  as  a  winter  succulence  in  connection  with  alfalfa  hay 
for  beef  cattle,  dairy  cattle  and  sheep  with  excellent  results. 
Silage  is  one  of  the  cheapest  and  most  desirable  winter  feeds  for 
dairy  cows.  Besides  making  a  good  balanced  ration  when  fed 
in  connection  with  alfalfa,  it  provides  a  succulent  and  palatable 
feed  that  largely  counteracts  the  digestive  troubles  of  cows  fed 
on  alfalfa  alone.  If  given  to  the  cows  after  milking  the  silage 
will  not  taint  the  milk.  A  good  combination  for  dairy  cows  is 
about  30  pounds  of  silage  and  15  pounds  of  alfalfa  hay  per  head 
daily.  If  barley  is  added  to  the  ration  use  about  one  pound  of 
the  grain  for  each  four  pounds  of  milk  produced  daily. 

The  Missouri  Station  found  that  with  present  prices  of  hay 
and  grain,  one  of  the  cheapest  and  best  combinations  for  fatten- 
ing steers  is  com  silage,  alfalfa  hay  and  linseed  oil  meal  or  cotton 
seed  meal.  The  South  Dakota  Station  obtained  more  uniform 
and  larger  gains  in  fattening  lambs  by  the  addition  of  a  small 
quantity  of  com  silage  to  the  lambs'  ration.  The  Iowa  Station 
reconmiends  the  use  of  com  silage  as  a  cheap  and  very  profitable 
feed  for  wintering  ewes.  Silage  is  not  recommended  as  a  desir- 
able feed  for  horses  and  hogs  in  Nevada.  Care  should  be  taken 
that  no  moldy  or  rotten  silage  is  fed  to  any  class  of  livestock. 

SILOS  FOR  NEVADA. 

Of  the  various  types  of  elevated  silos  now  used  by  dairymen 
in  the  west  the  concrete  type  when  properly  constructed  is  the 
most  durable  and  in  the  end  the  cheapest  silo  for  Nevada.  The 
concrete  silos  which  have  been  used  in  Nevada  for  a  number  of 
years  are  giving  excellent  service  and  are  showing  no  indication 
of  wear. 

The  climatic  conditions  of  Nevada,  however,  are  very  suit- 
able for  a  long  life  with  a  good  stave  or  redwood  silo.    The  latter 
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types  are  cheaper  and  can  be  built  by  the  farmer  with  less  diffi- 
culty and  in  a  shorter  time  than  the  concrete  silo. 

THE  PIT  SILO. 

At  the  present  time  the  silo  has  found  a  place  on  a  small 
percentage  of  the  dairy  farms  of  Nevada.  One  of  the  important 
reasons  for  this  has  been  the  cost  of  construction.  This  can  be 
largely  overcome  by  the  use  of  an  underground  or  "pit"  silo,  and 
in  localities  having  limited  rainfall  this  type  will  prove  about 
as  serviceable  as  the  elevated  variety,  provided  it  is  properly 
constructed.  The  pit  silo  can  be  built  by  the  farmer  himself 
at  a  cost  which  should  not  exceed  $1.50  per  ton  capacity.  It 
should  be  constructed  in  a  clay  soil  where  the  ground  water  or 
water  table  is  at  least  25  feet  below  the  surface. 

The  pit  may  vary  in  size,  depending  upon  the  number  of  ani- 
mals to  be  fed,  it  usually  ranges  from  20  to  25  feet  m  depth  and 
10  to  15  feet  in  diameter.  The  depth  should  be  about  twice  the 
width,  and  the  walls  should  be  kept  perpendicular  and  circular  in 
form.  After  about  two  feet  of  the  soil  has  been  removed  a  cement 
collar  should  be  constructed  to  this  depth,  which  serves  as  a  pro- 
tection to  the  surface  opening.  This  collar  should  be  about  a 
foot  wide  at  the  bottom,  and  when  thoroughly  set  the  earth  may 
be  excavated  to  another  four  or  five  feet  To  prevent  the  silage 
juices  from  being  absorbed  by  the  soil  it  is  necessary  to  cover  the 
walls  with  cement.  In  a  heavy  clay  where  there  is  little  danger 
of  caving,  a  cover  of  one-half  an  inch  of  good  rich  cement  mortar 
will  be  sufficient.  The  mortar  should  be  made  of  one  part  cement 
to  four  parts  of  clean  sand.  Before  this  first  coat  of  mortar  is 
well  set  a  second  coat  of  this  same  mixture  should  be  applied,  and 
before  the  second  coat  gets  well  set,  a  third  coat  should  be  ap- 
plied, using  one  part  cement  to  three  parts  sand  for  this  applica- 
tion. The  walls  should  be  troweled  down  smpoth  after  this  last 
coat  and  the  excavation  continued.  By  this  method  the  plaster- 
ing is  finished  at  the  bottom  and  a  scaffold  is  not  needed.  With 
lighter  clay  soils  it  may  be  necessary  to  apply  the  mortar  to  a 
close-mesh  rabbit  wire  or  some  similar  material,  which  is  firmly 
anchored  to  the  dirt  wall. 

Even  in  such  silos  where  the  walls  are  not  plastered,  the 
silage  keeps  in  good  condition  for  the  first  year  or  two,  but  after 
this  period  all  pit  silos  should  be  plastered.  It  is  most  desirable, 
however,  to  plaster  the  walls  for  the  first  year's  crop.  A  floor  is 
not  required  in  the  plastered  or  unplastered  pit  silo. 

The  chief  objection  to  the  pit  silo  is  in  the  removing  of  the 
silage  for  use.  Two  simple  methods  may  be  employed  for  this 
purpose.  The  silage  may  be  raised  by  hand  by  means  of  a  swing- 
ing derrick  in  connection  with  a  windlass  and  pulley ;  or,  it  may 
be  raised  by  a  horse  in  connection  with  a  block  and  tackle. 

This  type  of  silo  should  be  considered  seriously  by  Nevada 
dairjnnen  who  are  milking  20  or  more  cows,  have  a  good  market 
for  their  products,  and  are  not  prepared  to  build  an  elevated  silo. 


Digitized  by 


Google 


16 


SILA6B  CROPS  FOR  NEVADA 
AMOUNT  OF  SILAGE  REQUIRED. 


The  following  table  shows  the  approximate  amount  of  silage 
required  to  feed  15  to  50  cows  180  and  240  days,  based  on  a  daily 
consumption  of  40  pounds,  or  about  one  cubic  foot  of  silage  per 
head. ^ 

Number  of        Feed  for  Feed  for  Diameter  of 

Dairy  Cows        180  Days  240  Days  Silo 


15 

54  tons 

72  tons 

10.  feet 

20 

72 

96 

ii 

12  " 

25 

90 

120 

u 

14  " 

30 

108 

144 

u 

16  " 

35 

126 

168 

a 

16  " 

40 

144 

192 

u 

18  " 

45 

162 

216 

a 

18  " 

50 

180 

240 

it 

20  " 

*  Sheep  require  about  one-sixth  as  much  silage  as  dairy  cows. 

CAPACITY  OF  ROUND  SILOS. 
The  following  table  shows  the  capacity  in  tons  of  round  silos 
of  different  sizes: 


Inside 
Height 
of  Silo   10 


CAPACITY  IN  TONS. 

Inside  Diameter  in  Feet 
12  14  16 


18 


20 


14....  15 

18....  23 

33     46 

22....  31 

45     59 

26...  39 

57     73 

98 

145 

30....  47 

69     87 

118 

165 

170 

34....  55 

81     101 

138 

189 

220 

38...  63 

93     115 

160 

225 

270 

42... 

105     129 

190 

250 

310 

46... 

143 

215 

285 

350 

50.... 

245 

382 

Acreage  to  Fill,  15  Tons  to  the  Acre. 

14.... 

18... 

22... 

26... 

30... 

34... 

38.... 

42.... 

46... 

50... 


1.0 
1.5 
2.0 
2.6 
3.1 
3.7 
4.2 


2.2 
3.0 
3.8 
4.6 
5.4 
6.2 
7.0 


3.0 
3.9 
4.8 
5.8 
6.8 
7.7 
8.6 
9.5 


6.5 
7.9 
9.2 
10.7 
12.7 
14.3 
16.3 


9.7 
11.0 
12.6 
15.0 
16.7 
19.0 


11.3 
14.7 
18.0 
20.7 
23.4 
25.4 


Digitized  by 


Google 


AGRICULTURAL  EXPERIMENT  STATION 
THE  UNIVERSITY  OF  NEVADA 

BULLETIN  No.  92 


IRRIGATION  OF  WHEAT 
.     IN  NEVADA 


BY 

C  S.  KNIGHT,  B.S. 


DEAN  OF  THE  COLLEGE  OF  AGRICULTURE  AND  AGRONOMIST 
OF  AGRICULTURAL  EXPERIMENT  STATION 


PUBLISHED  BY  THE  UNIVERSITY  OF  NEVADA 
RENO,  NEVADA 


Digitized  by 


Google 


NEVADA  AGRICULTURAL  EXPERIMENT 
STATION 


BOARD  OF  CONTROL 

Hon.  Jamee  F.  Abel  (1917-1921),  Chairman ^ Reno 

Hon.  James  W.  O'Brien  (1915-1919) ^ Sparks 

Hon.  John  J.; Sullivan  (1915-1919) : - ~ ...Reno 

Hon.  B.  F.  Curler  (1917-1921) 1 : ^ Elko 

Hon.  Edna  C.  Baker  (1917-1919) ^ ^Sparks 

OFFICERS 

Walter  E.  Clark,  Ph.  D...^ ! „.President 

Mrs.  L.  B.  Blaney,  B.  A. Secretary 

Charles  H.  Grorman Comptroller 

STAFF 

Samuel  B.  Doten,  M,  A... Director  and  Entomologrist 

Charles  S.  Knight,  B.  S ~ - Agronomist 

Charles  E.  Fleming,  B.  S.  A Range  Management 

Edward  Records,  V.  M.  D ^ — .Veterinarian 

James  Edward  Church,  Jr.,  Ph.  D Meteorologist 

C.  Alfred  Jacobson,  Ph.  D Chemist 

Stephen  Lockett,  V.  M.  D Assistant  Veterinarian 

Harry  W.  Jakeman,  V.  M.  D ^ Assistant  Veterinarian 

Maxwell  Adams,  Ph.  D Consulting  Chemist 

Peter  Frandqen,  A.  M Consulting  Biologist 

C.  W.  Lantz,  A.  M Consulting  Botanist  and  Horticulturist 

Frederick  W.  Wilson,  M.  S Consulting  Animal  Husbandman 

Vemer  E.  Scott,  B.  S ^ Consulting  Dairy  Husbandman 

J.  L.  Webb Bureau  of  Entomology,  U.  S.  Department  of  Agrricultare 

Mrs.  T.  W.  Cowgill,  M.  A ^ Librarian 

Ruth  Miller,  B.  A „ Secretary  to  Veterinary  Department 

Hester  Mayotte Secretary  to  the  Experiment  Station 


Digitized  by 


Google 


ACKNOWLEDGMENT 


The  writer  is  indebted  to  the  following  for  pictures  used  in 
making  cuts  found  in  this  bulletin : 

F.  B.  Headley,  Superintendent  U.  S.  Experiment  Farm,  Fallon 
—Figs.  1, 10  and  12. 

F.  N.  Cronholm,  U.  S.  Reclamation  Service,  Fallon — Figs. 
3,  4,  5,  6,  7  and  8. 

F.  L.  Bixby,  Irrigation  Engineer — Figs.  11  and  13. 


Digitized  by 


Google 


CONTENTS 


Page 

INTRODUCTION 5 

METHODS  OF  IRRIGATING  WHEAT  IN  NEVADA 5 

Flooding  from  Field  Ditches 5 

Flooding  in  Borders  5 

Flooding  in  Checks  6 

Furrow  Irrigation 7 

USE  OF  THE  TRACTOR  IN  PREPARING  LAND  FOR  IRRIGATION  8 

Tractor  Operations  on  the  Truckee-Carson  Project 9 

Laying  Out  the  Land 10 

Preparing  Land  for  the  Border  Method  of  Irrigation 11 

Location  of  Laterals  and  Sub-Laterals 12 

AMOUNT  OF  WATER  REQUIRED 13 

Influence  of  Annual  Rainfall ^. 13 

Total  Precipitation  and  Distribution  at  the  Nevada  Station 13 

Influence  of  Evaporation 14 

Effect  of  Soil  Mulches  of  Different  Depths 15 

Effect  of  Cultivation  at  Different  Depths ^  15 

Effect  of  Shallow  and  Deep  Furrow  Irrigation 15 

Effect  of  Over-Irrigation  on  the  Quality  of  Wheat 16 

WHlfJN  TO  IRRIGATE  THE  WHEAT  CROP 17 

Results  of  Irrigation  Investigations  with  Wheat.., 19 

Best  Results  with  28  Inches  of  Water  in  Four  Applications 19 

Results  with  Three  Applications 19 

Yield  per  Acre-Foot  of  Water  with  Three  and  Four  Irrigations  and 

Seven-Inch  Applications 20 

Results  with  Two  Irrigations 21 

Yield  per  Acre-Foot  of  Water  with  Two  Irrigations 21 

RELATION   OF   SOIL   MOISTURE  TO   TIME   AND   AMOUNT  OF 

IRRIGATION  21 

Comparing  Soil  Moisture  Contents  with  One  Irrigation  Omitted 22 

Comparing  Soil  Moisture  Contents  with  Two  Irrigations  Omitted....  23 


Digitized  by 


Google 


IRRIGATION  OF  WHEAT  IN  NEVADA 


INTRODUCTION 

The  approximate  land  area  in  the  State  of  Nevada  is 
70,285,440  acres.  Of  this  amount  about  900,000  acres,  or  1.3  per 
cent,  were  irrigated  in  1917.  The  State  abounds  in  rich  agricul- 
tural land,  but  the  lack  of  additional  water  for  irrigation  prevents 
the  cultivation  of  regions  which  are  now  lying  idle  as  waste 
desert  areas.  To  increase  the  area  of  irrigated  land  it  becomes 
necessary  either  to  furnish  additional  water  by  means  of  artesian 
wells  or  pumping,  or  to  make  a  more  conservative  use  of  the 
present  water  supply.  The  irrigation  experiments  at  the  Nevada 
station  deal  chiefly  with  the  latter  of  these  two  methods.  Many 
farmers  in  Nevada  are  continually  applying  too  much  water  to 
their  crops  for  the  greatest  yields  per  acre  and  the  best  quality 
of  products.  It  is,  therefore,  very  important  to  know  the  proper 
time  of  application  and  the  amount  of  irrigation  required  for  the 
best  resulte  with  staple  crops.  Furthermore,  in  years  of  water 
shortage  irrigations  should  be  omitted  at  those  stages  of  growth 
when  tiie  crop  is  least  affected. 

When  water  is  pumped  from  a  considerable  depth  for  the 
irrigation  of  farm  crops,  the  expense  is  very  high  as  compared 
with  the  use  of  surface  water.  It,  therefore,  becomes  important 
for  the  grower  to  use  the  least  amount  of  water  necessary  for  the 
greatest  possible  profit  with  the  various  crops. 

During  the  past  four  years  the  Nevada  Agricultural  Experi- 
ment Station  has  conducted  a  series  of  investigations  comparing 
tiie  different  methods  of  applying  water  to  wheat  to  determine 
the  amount  of  water  required  and  the  best  time  to  apply  water 
to  the  crop  to  obtain  the  best  results ;  at  which  stage  or  stages  of 
growth  an  application  of  water  may  be  eliminated  without  greatly 
affecting  the  yield  of  grain,  and  also  the  most  practical  depths 
of  applications  where  only  two  irrigations  are  possible.  The 
average  results  of  experiments  on  the  irrigation  of  wheat  are 
included  in  this  bulletin. 

METHODS  OF  IRRIGATING  WHEAT  IN  NEVADA 

Flooding  from  Field  Ditches.  This  is  the  cheapest  method 
to  install  and  the  most  wasteful  of  water,  also  a  great  deal  of 
labor  is  required  in  distributing  the  water  over  the  field.  It  is 
sometimes  called  the  contour  method,  since  the  field  ditches  carry 
the  water  along  the  ridges  and  distribute  it  down  the  slopes  over 
the  field. 

Flooding  in  Borders.  This  is  possible  on  comparatively  level 
land.  In  preparing  the  field  for  this  system  the  greatest  care 
must  be  exercised  in  leveling  the  land  accurately  for  the  borders. 
A  leveler  commonly  used  in  Nevada  for  this  purpose  is  mounted 
on  four  wheels  witii  a  heavy  iron  blade  which  works  something 
on  the  order  of  a  road  grader.     Eight  horses  are  generally 
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required  to  pull  the  leveler  and  two  men  for  its  operation,  one 
driving  and  the  other  to  operate  the  machine.  On  new  land  it  is 
necessary  to  plow  the  ground  before  leveling,  but  on  stubble  land 
under  cultivation  the  work  can  be  done  before  the  plowing  is 
commenced.  When  the  field  is  properly  leveled  with  this  imple- 
ment, the  borders  are  marked  off  on  the  head  line  from  sixty  to 
ninety  feet  wide.  A  huge  V  marker  and  ditcher  is  then  used  to 
make  the  levees  which  run  at  regular  intervals,  separating  the. 
borders.  This  is  a  heavy  implement  mounted  on  four  wheels  and 
controlled  by  a  system  of  levers,  and  requires  about  twice  as 
much  power  for  its  operation  as  the  leveler.  After  these  borders 
are  seeded,  a  head  ditch  is  then  made  with  the  same  ditcher  to 
carry  the  water  to  the  borders.  If  one  man  is  applying  the  water, 
he  turns  in  as  large  a  head  as  can  properly  be  handled.  Con- 
siderable experience  is  needed  in  this  system  of  applying  the 
water,  because  as  sooji  as  the  soil  at  the  upper  ends  of  the  borders 


Fig.  1— Flooding  new  land  on  the  Truckee-Carson  Project 

is  sufficiently  wet,  the  water  must  be  taken  down  the  ditches 
between  the  borders  to  irrigate  the  lower  portions  of  the  land. 
These  borders  vary  from  1,000  to  5,000  feet  in  length,  depending 
upon  the  slope  of  the  land.  With  a  properly  installed  system  the 
water  can  be  brought  down  one  side  of  the  field  for  a  considerable 
distance  in  a  diagonal  direction,  instead  of  bringing  the  water 
down  the  ditch  and  turning  it  into  the  borders  at  frequent  inter- 
vals. In  this  way  a  large  tract  can  be  irrigated  by  one  man  in 
a  day.  In  sections  of  Nevada  where  this  system  is  practiced, 
wonderful  crops  of  wheat  are  produced,  but  in  such  regions  the 
soil  is  of  a  loose  nature,  contains  large  amounts  of  humus  and 
does  not  bake  after  wetting.  In  this  system  one  experienced 
irrigator  can  handle  about  six  second  feet  of  water. 

Flooding  in  Checks.  In  this  system  of  irrigation  the  levees 
are  run  across  the  field  in  both  directions,  dividing  it  into  a  series 
of  basins.  This  method  is  largely  practiced  on  new  lands  that 
require  a  great  deal  of  leveling.  The  level  tracts  can  be  checked 
ready  for  the  water  without  a  great  deal  of  expense.    This  system 
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is  also  desirable  on  lands  that  will  not  soak  up  well,  when  the 
water  is  run  in  the  furrows.  On  the  Truckee-Carson  Irrigation 
Project,  where  this  system  is  commonly  used  in  the  production 
of  hay  and  grain,  th^  levees  dividing  the  cKecks  or  basins  are 
wide  and  low  and  are  generally  covered  with  a  crop.  They  are 
constructed  to  prevent  any  waste  of  land  and  to  make  possible  the 
harvesting  of  the  crop  with  the  mower  or  binder.  In  such  a 
system  scmie  checks  are  higher  than  others.  Water  is  turned  into 
the  higher  checks,  and,  when  sufficiently  wet,  it  is  taken  off  and 
mn  into  the  lower  checks,  and  so  on  until  all  the  ground  is 
irrigated.  Although  considerable  water  is  lost  by  evaporation, 
very  little  goes  into  the  drainage  ditches.  If  land  has  a  gentle 
slope,  the  installation  of  this  system  is  very  expensive,  as  com- 
pared with  the  border  method  and  flooding  from  field  ditches.  A 
large  head  of  water  can  be  used  with  this  system  and  one  man 
can  handle  from  seven  to  eight  second  feet. 


Fig.  2 — Furrow  Method  of  Irrigation  for  Wheat 

Furrow  Irrigation.  Where  the  conditions  are  suitable  and 
the  land  is  sufficiently  friable  and  mellow,  the  furrow  method  of 
irrigation  is  best  adapted  to  the  highest  returns  in  the  produc- 
tion of  grain  in  Nevada.  In  this  system  the  water  is  run  through 
the  field  in  small  furrows  and  diffuses  laterally  through  the  soil, 
but  i^ould  not  run  over  the  surface.  This  system  is  adapted  to 
small  streams,  considerable  slopes  and  to  heavy  soils.  The 
water  may  be  run  in  a  few  or  many  furrows,  it  may  be  run  across 
the  slope  at  any  angle  for  the  desired  flow  of  water  and  it  gives 
the  heavy  soils  time  to  soak  up.  The  feed  ditehes  are  nearly  level 
and  are  generally  run  across  the  slope  of  the  field.  In  Nevada  a 
great  deal  of  trouble  has  been  encountered  in  the  washing  away 
of  the  banks,  when  the  water  is  taken  from  the  distributing  diteh 
to  the  furrows.  This  condition  has  been  met  by  the  use  of  gal- 
vanized iron  pipes  from  one  and  one-half  to  two  inches  in  diam- 
eter and  two  feet  long.    These  iron  pipes  are  placed  in  the  bank 
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of  the  distributing  ditch  and  each  pipe  furnishes  water  for  from 
two  to  six  furrows,  depending  upon  the  head  of  water  in  the  feed 
ditch.  By  such  a  system  a  large  field  can  be  irrigated  by  one 
man,  since  his  chief  duty  is  to  see  that  the  proper  head  of  water 
is  maintained  in  the  distributing  ditches.  Also,  the  water  is 
more  evenly  distributed  in  the  furrows,  so  that  it  reaches  the 
lower  part  of  the  field  in  the  different  furrows  at  about  the  same 
time. 

The  length  of  furrows  varies  with  the  slope  of  the  land  and 
the  nature  of  the  soil  from  200  to  800  feet,  the  greater  lengths 
being  possible  in  the  heavy  soils  with  the  gentle  slopes.  Feed 
ditches  are  run  across  the  field  at  these  intervals  of  from  200  to 
800  feet,  and  in  turn  furnish  water  for  the  irrigation  of  the 
check  below.  By  making  the  furrows  after  the  wheat  is  planted, 
no  land  is  wasted.  Although  the  initial  expense  is  great  in  install- 
ing this  system,  the  water  is  very  easily  handled  and  the  expense 
of  irrigating  is  small.  With  this  system  a  much  smaller  head  of 
water  is  used  than  with  the  other  methods. 


Fig.  3 — Tractor  and  Land  Leveler  in  Action 

USE  OF  THE  TRACTOR  IN   PREPARING   LAND  FOR  IRRIGATION 

Within  the  past  ten  years  the  tractor  has  become  a  very  valu- 
able machine  where  extensive  farming  is  practiced  in  Nevada, 
and  to  some  extent  in  the  intensive  farming  districts.  In  such 
instances  the  tractor  has  replaced  the  horse  labor  in  certain 
classes  of  farm  work.  On  farms  where  both  the  tractor  and 
horses  are  used  to  advantage  the  tractors  have  generally  been 
used  with  economy.  However,  where  the  tractor  is  obtained  as 
a  novelty  and  is  performing  the  field  work  while  the  horses  are 
in  the  corral  feeding  on  high-priced  alfalfa  hay  the  tractor  is 
often  used  without  profit. 

The  chief  advantages  in  the  use  of  the  tractor  are  that  it  saves 
labor ;  can  be  used  for  extra  heavy  work  for  a  continuous  period ; 
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may  be  operated  for  24  hours  a  day  if  necessary ;  makes  possible 
the  preparation  of  ground  at  the  proper  time;  and  lessens  the 
expense  in  preparing  large  areas  for  irrigation. 

The  tractor  is  being  used  extensively  in  preparing  land  for 
irrigation  in  the  district  of  Wells  in  Elko  County,  the  Battle 
Mountain  district  in  Lander  County,  the  Lovelock  district  in 
Humboldt  County,  Mason  and  Smith  Valleys  in  Lyon  County,  the 
Truckee-Carson  Project  in  Churchill  County,  in  southern  Washoe, 
and  in  Douglas  County.  In  these  districts  the  tractor  is  being 
used  very  successfully  and  has  been  an  important  factor  in  the 
reclamation  and  cultivation  of  large  areas  of  waste  land  within 
the  past  few  years. 

TRACTOR  OPERATIONS  ON  THE  TRUCKEE-CARSON  PROJECT 

The  United  States  Reclamation  Service  is  now  in  the  process 
of  rough-leveling  thirteen  eighty-acre  tracts,  or  1,040  acres  of 


Fig.  4 — MoYing  Soil  with  the  Tractor  and  Leveler 


land  on  the  Truckee-Carson  Project.    This  land  will  be  opened 
for  entry  to  homesteaders  at  the  completion  of  this  work. 

Such  a  system  of  preparing  land  for  irrigation  presents  many 
advantages  to  the  settler.  Each  of  the  eighty-acre  units  is  leveled 
with  the  proper  slopes  and  as  a  part  of  the  entire  area  that  is 
being  leveled,  thus  making  possible  better  irrigation  and  drain- 
age systems  for  this  land.  The  work  is  performed  under  the 
supervision  of  competent  engineers,  which  involves  a  saving  of 
time  and  money  in  the  proper  preparation  of  thii^  land.  The 
settler  devotes  his  entire  attention  to  the  cropping  of  his  home- 
stead and  is  not  required  to  deal  with  the  perplexing  problem  of 
land  leveling  of  which  he  knows  little.  The  outlay  in  capital  for 
the  first  few  years  is  not  so  great,  since  the  payments  for  leveling 
and  for  the  water  are  distributed  through  a  period  of  20  years. 
Probably  the  most  important  feature  of  this  plan  is  that  the  land 
is  made  very  attractive  to  the  settler,  with  the  result  that  such 
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tracts  will  be  filed  upon  shortly  after  they  are  opened  to  entry. 
The  particular  aim  of  the  Government  in  this  work  is  to  increase 
food  production  and  to  stimulate  the  settlement  of  land  on  the 
project ;  also,  if  satisfactory  arrangements  can  be  made,  to  assist 
tiie  settlers  in  increasing  their  present  area  of  cultivated  land. 

The  United  States  Reclamation  Service,' represented  by  F.  N. 
Cronholm,  Engineer,  presented  a  paper  on  "Land  Leveling  With 
Tractors  on  the  Truckee-Carson  Project"  at  the  Annual  Farmers' 
Week,  January  25th,  1918,  in  which  he  stated  in  part  as  follows: 

LAYING  OUT  THE  LAND 

"In  laying  out  the  tracts  for  leveling  it  is  necessary  to  make 
a  careful  study  of  the  farm  unit  for  proper  water  distribution, 
and  a  topography  of  the  area.  The  main  ditches,  farm  laterals 
and  drains  may  then  be  located  in  conformity  to  the  tract  as  a 


Fig.  5 — Tractor  and  Plows  passing  through  a  big  ditch 

whole,  and  the  direction  of  slope  determined  before  the  work  of 
leveling  is  begun." 

"On  tracts  where  the  general  slope  is  hard  to  determine  with 
the  eye,  contours  every  half  foot  in  elevation  should  be  taken. 
When  the  slope  is  quite  pronounced  intervals  of  one  foot  are 
ample  and  where  the  tract  as  a  whole  has  a  pronounced  slope 
intervals  every  two  feet  are  sufficient." 

"After  the  topographic  sheet  has  been  prepared  each  farm 
unit  is  studied  in  the  field  and  the  plan  of  rough  leveling  outlined. 
As  far  as  practicable  the  direction  of  irrigation  is  made  to  agree 
with  the  slope  of  the  land;  in  fact,  the  slope  of  areas  as  small  as 
five  acres  is  considered  in  the  scheme  of  irrigation  and  lay-out, 
and  in  most  cases  the  plan  permits  subdivision  of  farm  units 
down  to  twenty-acre  units  without  materially  affecting  the 
scheme  of  water  distribution,  should  this  subdivision  later  be 
found  divisible  by  the  settler." 

"In  laying  out  a  farm  unit  to  be  rough  leveled  it  is  important 
to  keep  in  mind  the  prevailing  slope  as  indicated  on  the  topog- 
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raphy,  possible  water  surface  elevations  and  the  ditch  and  drain 
scheme  as  contemplated.  After  all  this  has  been  roughly  deter- 
mined and  the  farm  planned  to  agree  with  the  general  scheme 
of  the  entire  tract,  a  line  of  elevations  is  taken  around  a  five,  ten 
or  twenty-acre  portion  of  the  unit,  depending  on  the  general 
sloi>e,  if  any.  Stakes  are  then  set  at  the  lower  and  upper  ends  of 
the  land  as  guides  for  the  tractors  doing  the  rough  leveling.  In 
beginning  this  work  the  lands  are  first  plowed  but  not  disked. 
The  sod  crumbles  under  the  weight  of  the  equipment,  and  as  the 
shaping  of  the  lands  progresses  the  lumps  disappear.  The  sandy 
lands  are  not  plowed  previous  to  the  leveling." 

"The  lands  are  generally  laid  out  in  squares  or  rectangles  with 
the  view  of  requiring  the  least  ditch  length  on  each  farm.  The 
final  leveling  and  shaping  of  the  lands  is  done  by  the  farmer  at 
the  time  the  levees  and  ditches  are  constructed.  Work  of  this 
kind  is  generally  done  with  the  use  of  horses  attached  to  Fresnos 
or  tailboards." 


Fig.  6 — ^Tractor  and  Plows  passing  over  a  high  Levee 

PREPARING   LAND  FOR  THE  BORDER   METHOD  OF  IRRIGATION 

"When  the  leveling  is  completed  the  land  is  divided  into 
borders  or  strips  by  building  low,  wide  parallel  levees  with  the 
slope  60  to  70  feet  apart.  The  slope  of  lands  between  levees, 
where  soils  are  light,  should  not  be  less  than  0.2  feet  per  hundred 
foot  length.  On  heavier  soils  about  0.1  foot  per  hundred  foot 
length  is  allowed  as  a  minimum.  The  length  of  strips  as  they  are 
being  laid  out  by  the  Reclamation  Service  is  from  330  to  660  feet, 
depending  on  topography,  economic  farm  lateral  layout  and 
surplus  irrigation  water  removal." 

"Where  the  general  slope  is  quite  steep,  up  to  three  feet  per 
hundred  feet  of  length,  depending  on  soils,  it  is  possible,  after  a 
crop  has  been  started,  to  use  the  'border  check'  system  of  irriga- 
tion; however,  to  get  a  stand  and  avoid  a  waste  of  seed  it  is 
advisable  after  seeding  to  corrugate  or  furrow  the  lands  between 
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levees  and  use  this  method  of  irrigation  until  a  fair  growth  has 
been  attained.  Where  soils  are  very  porous  and  percolation  is  so 
great  that  water  will  not  find  its  way  through  the  length  of  fur- 
row, the  length  of  run  fean  be  cut  in  two  by  providing  a  temporary 
supply  ditch.  After  the  crop  is  up  this  ditch  can  be  dispensed 
with  and  water  supplied  from  the  ditch  at  the  head  of  the  lands, 
and  the  furrows  and  strips  flooded  as  is  the  general  practice  with 
the  'border  check'  method." 


Fig.  7 — Land  Kough- Leveled  by  the  Tractor  for  the 
Border  Method  of  Flooding 


LATERALS  AND  SUB-LATERALS^ 

"When  considering  the  sandy  loam  surface  soils  and  the  small 
amount  of  slope  it  is  possible  to  give  the  lands  on  the  tract  now 
being  worked,  it  is  deemed  advisable  to  provide  twenty  second 
feet  of  water  as  an  irrigation  head  for  each  farm  unit  of  eighty 
acres.  Laterals  should  be  made  to  handle  this  amount  and  sub- 
laterals  ten  second  feet.  It  is  realized  that  the  right  amount  of 
water  for  known  surface  and  subsoils  cannot  adequately  be  pre- 
determined, but  it  is  thought  that  from  five  to  ten  second  feet  will 
be  used  in  each  check  or  strip  composed  of  porous  soils  and  pos- 
sibly half  of  this  amount  on  clay  soils.  Much  of  this  is  left  to  the 
farmer,  and  if  he  fails  to  maintain  his  laterals  their  capacity  will 
be  reduced.  Small  ditches  are  often  the  cause  of  under  produc- 
tion and  drainage  difficulties,  as  they  lead  to  the  continuous  flow 
system  which  is  far  more  injurious  and  wasteful  than  a  large 
irrigation  head  on  the  rotation  basis." 

•'The  settler  will  have  much  to  do  after  the  lands  are  rough 
leveled.  He  will  have  to  build  shelter  for  himself,  provide  stock, 
equipment,  a  well,  and  fences ;  do  the  final  leveling,  build  ditches, 
levees,  tail-water  drains,  irrigation  boxes  and  structures,  and 
plant  trees  around  his  property." 

"Up  to  the  present  time  two  tractors  have  been  used  for  this 
leveling,  but  it  is  planned  to  increase  this  number  to  five.  Work- 
ing 16  hours  per  day  with  five  machines  it  is  possible  to  rough- 
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level  in  the  neighborhood  of  300  acres  of  land  each  month.  Dur- 
ing the  first  ei^t  months  the  two  machines  were  operated  for  16 
hours  most  every  working  day  and  the  amount  of  rough  leveling 
averaged  126  acres  per  month." 

"The  cost  of  leveling  the  land  will  vary  with  the  roughness 
and  slope,  the  more  level  tracts  costing  less  and  the  lands  rougher 
in  topography  more,  but  a  general  average  will  amount  to  about 
$40.00  per  acre." 


Fig.  8 — ^This  Land  has  received  the  Final  Leveling  and 
is  Ready  for  Seeding 

AMOUNT  OF  WATER  REQUIRED 

Influence  of  Annual  Rainfall.  In  many  states  where 
irrigation  is  practiced  the  annual  precipitation  is  an  important 
factor  to  be  considered  in  the  results  of  investigations  on  irriga- 
tion methods,  and  particularly  in  the  duty  of  water  in  field  prac- 
tice. The  following  table  gives  the  total  precipitation  and  monthly 
distribution  for  the  past  four  years  and  for  a  period  of  28  years 
at  the  Experiment  Station : 

MONTHLY  PRECIPITATION  IN  INCHES  Ai;  THE  NEVADA  AGRI- 
CULTURAL EXPERIMENT  STATION 

FOUR- YEAR  PERIOD,  1914-17* 

Aver  from 
Month—  1914  1915  1916  1917  Aver.     1889-1916 

January 5.46  0.55  6.76  .05  3.20  2.02 

February 0.86  2.59  0.59  2.01  1.51  1.20 

March trace  0.16  0.33  .74  .31  ,83 

April 0.70  0.33  0.11  .28  .35  .46 

May  : 0.11  0.52  trace  1.18  .45  .73 

June  0.29  0.00  0.11  .06  .11  .28 

July  trace  0.04  trace  .04  .02  .36 

AujHist    0.38  trace  0.04  .12  .13  .31 

September    0.05  0.06  0.35  trace  .11  .28 

October  0.16  trace  1.13  trace  .32  .34 

November  trace  0.28  0.05  .68  .25  .68 

December  0.70  1.09  0.97  .27  .76  1.07 

TOTAL  8.71         5.62       10.44         5.43         7.52         8.56 

♦Information  secured  from  the  U.  S.  Weather  Bureau,  Reno,  Nevada. 

It  will  be  seen  from  the  above  table  that  the  average  annual 
precipitation  for  the  four-year  period  of  the  irrigation  investiga- 
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tions  amounted  to  7.52  inches.  In  the  month  of  May,  1917,  1.18 
inches  of  rain  were  received.  With  this  teception,  during  no  one 
month  of  the  growing  season  throughout  this  period  was  suffi- 
cient rainfall  received  to  affect  the  moisture  content ;  that  is,  the 
small  amount  of  precipitation  at  any  one  time  was  subject  to 
evaporation  within  the  few  hours  which  followed.  The  results  of 
these  experiments  are  therefore  based  almost  entirely  on  the 
water  applied  by  irrigation. 

The  average  precipitation  over  the  entire  state,  according  to 
the  reports  of  the  U.  S.  Weather  Bureau,  is  about  8.5  inches  per 
year.  The  only  source  of  Nevada's  water  supply  is  the  snow  that 
falls  upon  her  own  mountain  ranges  and  the  precipitation  upon 
the  eastern  slope  of  the  Sierra  in  California.  Throughout  the 
agricultural  districts  of  Nevada  the  rainfall  is,  in  general,  so 
slight  and  so  poorly  distributed  during  the  growing  season  that  it 
cannot  be  depended  upon  to  supplement  irrigation  in  supplying 
the  moisture  needs  of  crops. 


Fig.  9 — The  Two- Way  Plow  is  an  Excellent  Tool  in  Preparing 
Wheat  Land  for  Irrigation,  since  it  leaves  no  Dead  Furrow 


Influence  op  Evaporation.  During  the  years  1908  and  1909 
the  Nevada  Agricultural  Experiment  Station,  in  co-operation 
with  the  Office  of  Irrigation  Investigations  of  the  U.  S.  Depart- 
ment of  Agriculture,  conducted  a  series  of  experiments  on  the 
losses  of  water  from  irrigated  soils  by  evaporation.  These  inves- 
tigations were  made  at  the  Experiment  Station  farm  near  Reno 
at  an  altitude  of  4,490  feet  on  a  sandy,  alluvial  loam  soil,  which  is 
typical  of  a  large  portion  of  the  irrigated  area  in  Nevada.  The 
detailed  results  of  these  experiments  are  found  in  Bulletin  248, 
Office  of  Experiment  Stations,  U.  S.  Department  of  Agriculture. 
A  summary  of  the  results  of  this  work  follows. 
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EFFECT  OF  SOIL  MULCHES  OF  DIFFERENT  DEPTHS 

Average  evaporatioii  frdm  soils  protected  by  different  depths  of  soil 
mulches  at  the  Nevada  Agricultural  Experiipent  Station*  for  a  period  of 
three  weeks  (June  9-30  and  Sept  1-22, 1908)  with  six  inches  of  water  applied. 

Loss  in  per  cent  of 
Depth  of  mulch —  Loss  in  inches  total  application 

Water  surface 4.68  78.0 

No   mulch. 1.41  23.6 

8-inch   mulch. .88  14.6 

6-inch  mulch , .36  6.0 

9-inch   mulch • .17  2.9 

The  unmulched  surface  shows  a  loss  during  the  three  weeks 
of  23.6  per  cent  of  the  six  inches  of  water  applied.  The  use  of 
the  3-inch  mulch  shows  a  loss  of  62.5  per  cent,  the  6-inch  mulch 
a  loss  of  25.5  per  cent  and  the  9-inch  mulch  a  loss  of  12  per  cent, 
respectively,  of  the  loss  from  the  unmulched  surface.  These 
results  indicaite  the  value  of  a  soil  mulch  when  land  is  prepared 
for  cropping  and  when  possible  during  the  growing  season,  espe- 
ciaUy  with  cultivated  crops. 

EFFECT  OF  CULTIVATION  AT  DIFFERENT  DEPTHS 

Average  evaporation  losses  from  cultivated  and  uncultivated  surfaces 
at  the  Nevada  Agricultural  Experiment  Station  for  a  period  of  28  days 
(May  7- June  4  and  June  8-July  6, 1909)  with  six  inches  of  water  applied. ' 

Loss  in  per  cent  of 
CultiTatlon —  Loss  in  inches  total  application 

Water  surface. 8.49  

Cultivated  six  inches 1.09  ,       18.2 

Uncultivated 1.51  25.2 

Duplicate  tests  were  made  in  this  experiment,  and  where 
cultivation  was  given  the  soil  was  stirred  to  a  depth  of  six  inches 
in  a  similar  manner  to  natural  field  methods.  The  cultivated  sur- 
face shows  a  loss  of  only  72.2  per  cent,  or  a  saving  of  27.8  per 
cent  of  that  receiving  no  cultivation,  thus  verifying  the  results 
previously  mentioned  in  the  value  of  cultivation  to  form  a  soil 
mulch  in  preventing  the  loss  of  water  from  the  soil  by  evapora- 
tion. 

EFFECT  OF  SHALLOW  AND  DEEP  FURROW  IRRIGATION 

Average  evaporation  losses  from  surfaces  irrigated  by  flooding,  and 
with  furrows  of  different  depths  at  the  Nevada  Agricultural  Experiment 
Station  for  a  period  of  28  days  (July  8  to  Aug.  5  and  Aug.  10  to  Sept.  7, 1909) 
with  six  inches  of  water  applied. 

^  Loss  In  per  cent  of 

Depth  of  furrow—  Loss  In  Inches  total  application 

Water  surface 11.13                                 

Flooded  ^ 1.05  17.5 

3-inch  furrow .91  15.2 

6-inch  furrow .73  12.2 

9-inch  furrow .55  9.2 

The  results  of  this  experiment  show  that  water  run  in  furrows 
3,  6  and  9  inches  deep  caused  a  saving  of  13.3  per  cent,  30.5  per 
cent  and  47.6  per  cent,  respectively,  of  the  total  loss  from  the 
flooded  surface  during  this  period  of  28  days.    Where  the  supply 
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of  water  for  irrigation  is  limited  and  the  corrugation  method  of 
applying  water  is  practical  the  use  of  furrows  from  6  to  9  inches 


Fig.  10 — A  Tailboard  Scraper,  commonly  used  in  preparing 
new  land  for  irrigation 

deep  will  undoubtedly  result  in  greatly  decreasing  the  loss  of 
water  from  the  soil  by  evaporation. 

Effect  of  Over-Irrigation  on  the  Quality  of  Wheat.    An 
excessive  use  of  water  in  the  irrigation  of  the  wheat  crop  seri- 
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Fig.  11 — A  Fresno  Scraper  is  an  excellent  tool  in  moving  large 

quantities  of  soil  a  short  distance,  and  for  the 

final  leveling 

ously  affects  the  quality  of  the  Rrain  for  milling  by  producing 
soft,  starchy  kernels.    On  the  well  drained  lands  of  Nevada,  with 
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a  conservative  use  of  water,  it  is  possible  to  produce  the  maxi- 
mum yield  of  wheat  of  excellent  quality  for  milling  purposes. 
Such  has  been  the  experience  of  the  Experiment  Station  even 
with  the  hard  spring  variety  of  Marquis  wheat. .  However,  where 
Marquis  wheat  has  been  grown  on  poorly  drained  land  with  a 
high  water-table  or  on  well-drained  land  where  excessive  irriga- 
tions were  given,  neither  the  yield  nor  quality  of  wheat  were 
equal  to  the  common  White  Club  variety  in  these  respects.  Mar- 
quis wheat  was  grown  at  the  Experiment  Station  for  a  period  of 
five  years  with  no  decrease  in  the  quality  of  wheat  from  year  to 
year,  when  the  crop  received  less  than  30  inches  of  water  with 
seven  inches  or  less  at  each  application. 

WHEN  TO  IRRIGATE  THE  WHEAT  CROP 

The  time  to  irrigate  grain  must  be  determined  largely  by  the 
condition  of  the  crop  and  the  moisture  content  of  the  soil.  Some 
irrigators  determine  this  period  by  the  color  of  the  wheat,  which 
turns  dark  green  when  in  need  of  water.    Others  examine  the 


Fig.  12 — A  Fresno  Scraper  leveling  land  on  the  Truckee- 
Carson  Project 

first  six  inches  of  soil  and  leari?  by  this  method  when  the  crop 
needs  water.  Still  others  contend  that  the  crops  should  be  irri- 
gated at  regular  intervals,  whether  the  crop  needs  it  or  not.  A 
large  number  of  farmers  use  the  last  method  for  determining  the 
time  to  irrigate,  and  thus  the  crop  generally  receives  a  great  deal 
more  water  than  is  required  and  the  yield  and  quality  of  grain  are 
often  greatly  affected  by  this  practice.  Unless  the  soil  is  very 
heavy  in  texture  or  varies  greatly,  the  ground  should  be  irrigated 
before  planting.  If  heavy  clay  land  is  irrigated  before  seeding, 
sometimes  several  weeks  are  required  for  the  soil  to  become  dry 
enough  to  be  worked  and  the  weeds  present  are  apt  to  be  trouble- 
some. When  a  field  includes  both  light  and  heavy  soils,  a  uniform 
stand  of  grain  is  quite  impossible,  and  if  irrigated  when  the 
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young  plants  are  starting  their  growth  above  the  ground,  they 
are  greatly  checked  in  growth  by  the  application  of  water  at  that 
time.  Thus,  such  soils  are  generally  irrigated  after  the  grain  is 
planted  to  germinate  the  seed.  When  irrigation  is  necessary 
immediately  after  planting,  there  is  considerable  danger  of  bak- 
ing and  crusting  the  soil,  so  that  the  ground  will  have  to  be  irri- 
gated again  to  soften  the  crust  or  cultivated  with  a  corrugated 
roller  or  spike-tooth  harrow  with  the  teeth  sloping  well  back  to 
let  the  plants  slip  through 

The  irrigation  after  germination  should  be  withheld  as  long 
as  possible  to  give  the  plants  a  chance  to  establish  a  good,  vigor- 
ous root  system  in  the  soil  to  furnish  the  proper  nourishment  for 
the  development  of  grain  later  on.  However,  the  water  should 
not  be  withheld  until  the  lower  leaves  turn  yellow.  As  a  rule,  the 
first  irrigation  after  the  grain  has  started  is  given  between  the 
time  the  five  leaves  are  formed  and  the  boot  stage.  If  irrigated 
at  the  five-leaf  stage,  the  second  application  is  made  at  the  boot 
stage,  the  third  at  the  bloom,  the  fourth  at  the  milk  atid  the  fifth 
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Fig.  13 — A  Home-Made  Leveler  is  cheaply  and  easily  made.    It 

is  commonly  used  on  the  irrigated  farms  of  Nevada  for 

leveling  land  for  irrigation  after  plowing 

at  the  dough  stage.  If  the  first  irrigation  is  not  required  until 
the  plants  reach  the  boot  stage  or  when  the  heads  are  forming, 
only  four  irrigations  should  be  given.  If  only  three  irrigations 
are  possible,  the  best  results  are  recorded  when  applications  are 
made  at  the  boot,  bloom  and  milk  stages.  However,  this  will 
vary  with  the  nature  of  the  soil,  amount  and  distribution  of 
annual  precipitation,  and  the  preparation  of  the  seed  bed.  The 
proper  time  must  be  largely  determined  by  the  condition  of  the 
crop  and  the  moisture  content  of  the  soil. 

In  many  wheat  sections  of  Nevada,  heavy  winds  are  common 
early  every  afternoon.  In  such  localities  the  rank,  growing  grain 
which  is  approaching  maturity  should  be  irrigated  at  night  or  in 
the  forenoon  during  the  calm  spell.  This  gives  the  culms,  which 
soften  near  the  surface  of  the  ground,  time  to  become  firm  before 
they  are  blown  to  the  ground  by  the  heavy  wind.  The  last  irri- 
gation should  never  occur  too  late,  especially  in  windy  climates. 
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Results  op  Irrigation  Investigations  with  Wheat.  In 
these  experiments  all  wheat  plats  were  irrigated  at  two  or  more 
of  the  five  stages  of  growth,  including  the  five-leaf,  boot,  bloom, 
milk  and  dough  stages.  The  plats  were  about  one-tenth  acre  in 
size,  thus  making  possible  the  planting,  irrigation  and  harvesting 
of  the  crop  under  normal  field  conditions. 

Best  Results  with  28  Inches  op  Water  in  Four  Applica- 
tions. The  following  table  shows  the  average  increase  in  yield 
per  acre  of  wheat  with  7-inch  applications  over  3-indi  applica- 
tions for  the  four-year  period,  1914-17. 

AVERAGE  YIELD  PER  ACRE  IN  BUSHELS 

One  irrigation  8-inch  7-lnoh  Aver,  per  cent 

omitted  &t  •  application         application  increase 

Five-leaf  stage 80.0  34.1  18.7 

Boot  stage 22.6  26.9  13.6 

Bloom  stage ^ 21.2  28.0  32.1 

Milk  stage. 27.6  80.1  9.6 

Dough  stage. ^ 27.6  31.2  18.4 

In  this  experiment  the  best  results  were  obtained  with  28 
inches  of  water  in  four  applications,  omitting  the  irHgation  at 
the  five-leaf  stage.  The  average  results  shown  above  are  strongly 
in  favor  of  the  7-inch  applications.  Very  little  difference  is  noted 
in  yield  of  wheat  when  irrigation^  were  omitted  at  the  milk  and 
dough  stages,  respectively.  The  lowest  yields  with  both  3-inch 
and  7-inch  applications  are  found  with  irrigations  omitted  at  the 
boot  and  bloom  stages,  respectively. 

When  7-inch  applications  were  given  at  each  stage  of  growth, 
or  a  total  of  35  inches  of  water,  tiie  yield  was  32.8  bushels  per 
acre,  or  about  4  per  cent  less  than  where  only  28  inches  of  water 
were  applied  and  the  irrigation  omitted  at  the  five-leaf  stage. 
This  may  be  attributed  to  the  greater  development  of  root  system, 
witii  the  first  irrigation  omitted,  and  at  the  same  time  the  plants 
did  not  suffer  from  lack  of  sufficient  moisture  before  the  irriga- 
tion at  the  boot  stage. 

Results  with  Three  Applications.  The  following  table 
shows  the  average  increase  in  yield  per  acre  of  wheat  with  7-inch 
applications  over  3-inch  applications  for  the  four-year  period, 
1914-17. 

AVERAGE  YIELD  IN  BUSHELS  PER  ACRE 

Two  irrigations  3 -Inch  7 -Inch  Aver,  per  cent 

omitted  at  application         application  increase 

Pive-leaf  and  boot 17.6  20.7  17.6 

Five-leaf  and  bloom. _ ^  21.6  23.6  9.3 

Five-leaf  and  milk 28.3  30.0  6.0 

Five-leaf  and  dough 27.6  32.4  17.8 

Boot  and  bloom.....„ - 12.6  19.7  57.6 

Boot  and.  milk. 21.9  23.8  8.7 

Koom  and  milk. 22.3  22.6  1.3 

Bloom  and  doug^....: 23.7  28.6  20.6 

Mk  and  dough 28.4  30.5  7.4 

No  irrigations  omitted 30.0  32.8  9.3 
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The  results  shown  in  this  table  are  also  in  favor  of  the  7-inch 
applications,  although  the  variations  in  yield  are  much  more  pro- 
nounced. The  highest  yield  of  32.4  bushels  per  acre  was  obtained 
with  21  inches  of  water  in  three  irrigations  with  applications 
omitted  at  the  five-leaf  and  dough  stages.  The  three  lowest  yields 
with  7-inch  applications,  averaging  21  bushels  per  acre,  were 
obtained  with  irrigations  omitted  at  the  five-leaf  and  boot,  bloom 
and  milk,  and  boot  and  bloom  stages,  the  last  yield  being  19.7 
bushels  per  acre. 

The  low  yields  with  both  3-inch  and  7-inch  applications  when 
irrigations  were  omitted  at  the  boot  and  bloom  stages,  indicate 
that  the  most  critical  period  in  the  irrigation  of  wheat  is  between 
the  boot  and  milk  stages.  When  irrigations  were  omitted  at  the 
five-leaf  and  milk,  and  five-leaf  and  dough  stages,  very  little  dif- 
ference was  found  in  the  yield,  the  average  being  30.3  bushels 
per  acre  with  21  inches  of  water  in  three  applications. 

Yield  per  Acre-Foot  of  Water  with  Three  and  Four  Irri- 
gations AND  7-INCH  Applications.  The  following  table  shows  a 
comparison  between  the  yield  pier  acre  and  yield  per  acre-foot  of 
water  with  three  and  four  irrigations  and  7-inch  applications  for 
the  four-year  period,  1914-17. 

AVERAGE  YIELD  IN  BUSHELS  FOR  THE  FOUR- YEAR 
PERIOD,  1914-17 

One  Irrigation  Total  Irrigation       Yield  per         YieW  per  acre 

omitted  at  inches  acre  foot  of  water 

Five-leaf  stage 28  84.1  14.8 

Boot  stage 28  26.9  11.5 

Bloom  stdge 28  28.0  12.0 

Milk  stage 28  30.1  12.9 

Dough   stage 28  31.2  13.4 

Two  irrigations 
omitted  at 

Five-leaf  and  boot 21  20.7  11.8 

Five-leaf  and  bloom 21  23.6  18.5 

Five-leaf  and  milk 21  30.0  17.1 

Five-leaf  and  dough 21  32.4  18.5 

Boot  and  bloom 21  19.7  11.3 

Boot  and  milk. 21  23.8  13.6 

Bloom  and  milk 21  22.6  12.9 

Bloom  and  dough 21  28.6  16.3 

Milk  and  dough 21  30.5  17.4 

No  irrigations  omitted 35  32.8  11.2 

It  is  interesting  to  note  that  where  a  total  irrigation  of  28 
inches  of  water  was  given  in  four  applications  the  highest  yield 
per  acre  is  accompanied  by  the  highest  yield  per  acre-foot  of 
water,  which  shows  conclusively  that  this  is  the  most  practical 
method  presented  for  the  irrigation  of  the  wheat  crop. 

The  highest  yield  per  acre-foot  of  water  was  produced  with  21 
inches  of  water  in  three  applications,  and  where  irrigations  were 
omitted  at  the  five-leaf  and  dough  stages.  The  lowest  yield  per 
acre-foot  of  water  was  obtained  with  35  inches  of  water  in  five 
7-inch  applications. 
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Irrigration 

Irrigation 

inches 

inches 

before  headlnsr 

after  headlner 

Yield  per  acre 

6 

6 

26.8 

6 

9 

24.1 

6 

12 

27.0 

9 

6 

24.0 

9 

9 

31.0 

9 

12 

27.7 

12 

6 

27.0 

12 

9 

27.0 

12 

12 

28.2 

21 

Results  with  Two  Irrigations.  The  following  table  com- 
pares the  yield  of  wheat  per  acre  and  yield  per  acre-foot  of  water 
where  only  two  irrigations  are  possible  and  different  depths  of 
application  are  used  before  and  after  heading : 

AVERAGE  YIELD  IN  BUSHELS  FOR  THE  FOUR- YEAR 
PERIOD,  1914-17 

Yield  per  acre- 
foot  of  water 

26.8 

19.6 

18.0 

19.3 

20.7 

15.8 

17.7- 

15.6 

14.1 

Where  only  two  irrigations  are  possible  the  two  9-inch  appli- 
cations, one  before  and  one  after  heading,  gave  the  greatest  yield 
of  31  bushels  per  acre,  or  10  per  cent  less  than  the  highest  yield 
with  28  inches  of  water  in  four  applications.  The  12-inch  irriga- 
tion before  heading  apparently  provided  more  water  than  the 
crop  utilized  to  the  best  advantage.  The  maximum  yield  with  two 
irrigations  was  obtained  with  a  total  of  18  inches  of  water  applied 
when  the  crop  turned  dark  green  in  color.  With  a  total  irrigation 
of  less  than  18  inches  the  yield  was  considerably  decreased; 
whereas  a  total  irrigation  of  24  inches  in  two  12-inch  applications 
produced  an  average  of  28.2  bushels  per  acre  of  about  10  per  cent 
less  than  where  the  two  9-inch  applications  were  used. 

Yield  per  Acre-Foot  of  Water  wititTwo  Irrigations.  The 
highest  yield  of  27.4  bushels  per  acre-foot  of  water  was  obtained 
with  the  smallest  total  irrigation  of  12  inches,  and  the  lowest 
yield  of  14.1  bushels  with  the  largest  total  irrigation  of  24  inches. 
The  second  highest  yield  of  20.7  bushels  per  acre-foot  of  water 
was  produced  with  the  two  9-inch  applications,  which  indicates 
that  this  is  the  most  practical  method  presented  to  irrigate  wheat 
when  only  two  applications  are  given. 

With  only  two  irrigations  the  yields  were  generally  lower 
tiiroughout  than  with  a  greater  number  of  applications  using  the 
same  total  amount  of  water.  It  is  therefore  recommended  that 
only  in  cases  of  water  shortage  is  it  advisable  to  use  only  two 
irrigations  in  preference  to  three  or  four  applications,  as  shown 
in  the  results  of  these  experiments  where  the  yields  of  grain  are 
generally  much  higher.  It  should  be  noted,  however,  that  with 
only  two  irrigations  possible,  a  profitable  crop  of  wheat  can  be 
grown. 

RELATION  OF  SOIL  MOISTURE  CONTENT  TO  TIME  AND 
AMOUNT  OF  IRRIGATIONS 

In  conducting  this  experiment  on  the  irrigation  of  wheat  soil 
samples  were  taken  at  regular  inten^als  each  year  during  the 
period  of  irrigation  to  determine  the  variation  in  moisture  con- 
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tent  in  relation  to  the  time  of  irrigation  and  the  depth  af  appli- 
cation. 

Comparing  Soil  Moisture  Contents  with  One  Irrigation 
Omitted.  The  following  table  shows  a  comparison  of  the  soil 
moisture  contents  before  the  first  irrigation  and  at  harvest  with 
three-inch  and  seven-inch  applications,  and  with  one  irrigation 
omitted. 


Fig.  14 — Over-irrigation  brings  an  excess  of  alkali  to  the 
surface.    Note  the  thin  stand  of  wheat  on  this  land 

AVERAGE  decrease  AT  HARVEST  IN  PERCENTAGE  FOR  THE 
FOUR- YEAR  PERIOD,  1914-17 

Irrigation  3 -Inch  Yield  bu.  7 -Inch  Yield  bu. 

omltted  application  per  acre  application  per  acre 

None   12.3  30.0  7.3  32.8 

Five-leaf  23.5  30.0  .5^  34.1 

Boot  stage 20.7  22.6  2.4*  26.9 

Bloom  stage 5  21.2  10.9*  28.0 

Milk  stage 9.0  27.5  2.7*  30.1 

Dough   stage 36.2  27.5  16.8  31.2 

♦Average  increase. 

The  results  herein  presented  show  that  the  high  yields  per 
acre  are  generally  accompanied  with  the  greatest  decrease  in  soil 
moisture  content  at  harvest  as  compared  with  the  soil  moisture 
content  before  the  first  irrigation.  With  the  3-inch  applications 
the  smallest  decrease  in  soil  moisture  content  at  harvest,  with 
an  irrigation  omitted  at  the  bloom  stage,  was  accompanied  by  the 
lowest  yield  of  21.2  bushels  per  acre,  or  60  per  cent  less  than  the 
highest  yield  with  one  irrigation  omitted  at  the  five-leaf  stage. 

With  7-inch  applications  the  greatest  increase  in  soil  moisture 
content  at  harvest  was  obtained  when  an  irrigation  was  omitted 
at  the  bloom  stage,  and  the  yield  was  28  bushels  per  acre,  or  21.8 
per  cent  less  than  the  highest  yield. 

These  results  show  that  the  omission  of  an  irrigation  at  the 
bloom  stage  seriously  checks  the  development  of  the  wheat  crop 


Digitized  by 


Google 


23 

and  prevents  the  plants  from  utilizing  the  moisture  in  the  soil 
to  the  best  advantage  during  the  later  periods  of  growth. 

Comparing  Soil  Moisture  Contents  with  Two  Irrigations 
Omitted.  The  following  table  shows  a  comparison  of  soil  mois- 
ture contents  before  the  first  irrigation  and  at  harvest  with  3-inch 
and  7-inch  applications,  and  with  two  irrigations  omitted. 

AVERAGE  DECREASE  AT  HARVEST  IN  PERCENTAGE  FOR  THE 
FOUR- YEAR  PERIOD,  1914-17 

Irrleation  3 -Inch  Yield  bu.  7 -inch  Yield  bu. 

Glutted  application  per  acre  application  per  acre 

Five-leaf  and  boot 15.2  17.6                     2.5  20.7 

Five-leaf  and  bloom....  2.1  21.6  11.2*  23.6 

Five-leaf  and  milk. 21.1  28.3                     5.1  30.0 

Five-leaf  and  dough....  10.4  27.5                     4.9  32.4 

Boot  and  bloom 1.5  12.5                     0.0  19.7 

Boot  and  milk. 10.5  21.9                     7.9  23.8 

Bloom  and  milk. 17.9  22.3                     6.8*  22.6 

Bloom  and  dough 24.4  23.7                     0  28.6 

Milk  and  dough 33.1  28.4  13.2  30.5 

♦Average  increase. 

It  is  noted  in  these  results  that  with  the  3-inch  applications 
the  smallest  decrease  in  soil  moisture  content  at  harvest  is  found 
with  two  irrigations  omitted  at  the  boot  and  bloom  stages,  and 
accompanied  by  the  lowest  yield  of  12.5  bushels  per  acre.  The 
next  lowest  decrease  in  soil  moisture  content  at  harvest  is  with 
irrigations  omitted  at  the  five-leaf  and  bloom  stages,  accompanied 
by  a  comparatively  low  yield  of  21.6  bushels  per  acre. 

With  the  7-inch  applications  it  is  interesting  to  note  that 
where  no  decrease  or  where  an  increase  is  shown  in  the  soil 
irioisture  content  at  harvest,  one  of  the  irrigations  omitted  in  each 
instance  was  at  the  bloom  stage.  The  average  yield  of  these  four 
plats  was  23.6  bushels  per  acre,  or  37.2  per  cent  less  than  the 
highest  yield  with  one  irrigation  omitted  at  the  five-leaf  stage. 
This  tends  to  confirm  the  previous  statement  that  an  irrigation 
omitted  between  the  boot  and  milk  stages  may  seriously  check 
the  proper  development  of  the  crop. 
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Irrigation  of  Alfalfa  in  Nevada 


INTRODUCTION 

.Ufa] fa  is  tlio  chief  cultivated  crop  groMm  in  Nevada.  In  the  course 
of  the  last  ei;;ht  yrars  the  acreage  of  alfalfa  in  this  State  increased  from 
89,000  to  about  135,000  acres,  or  over  50  per  cent;  the  yield  from  235,000 
to  about  472,000  tons,  or  an  increase  in  production  of  more  than  100  per 
cent. 

Poetically  all  of  the  alfalfa  in  Nevada  is  grown  under  irrigation. 
The  irri  coated  lnn«is  furnish  a  natural  home  if  or  this  crop,  but  neverthe- 
less there  is  considerable  (question  as  to  the  best  methods  of  irrigation  and 
the  amount  of  water  required  for  alfalfa  under  existing  oondiiions. 

A  large  part  of  the  acreage  of  alfalfa  in  Nevada  receives  too  much 
water  for  the  greatest  yields  and  best  quality  of  liay,  and  for  maintaining 
high  producing  soils.  Our  irrigation  investigations  ^ith  alfalfa,  the  re- 
sults of  which  are  contained  in  this  bulletin,  were  conducted  for  the  pur- 
pose of  determinini?  the  effect  of  different  methods  of  irrigation  on  alfalfa. 
They  fhow  that  by  a  more  conservative  use  of  water  the  acreage  oif  this 
crop  niiiy  be  increased  with  the  present  w*ter  supply,  and  at  tne  same 
time  the  land  may  bo  kept  in  a  higher  state  of  fertility. 


Nevada  furnishes  an  Ideal  home  for  alfalfa. 

NEVADA  WATER  SUPPLY  AND  DRAINAGE  AREAS 

Nevada  lies  almost  wholly  within  the  Great  Basin.  In  fact,  with  the 
exception  of  small  streams  tributary  to  the  Snake  River  in  the  northeastern 
comer  of  Nevada  and  some  branches  of  tlie  Colorado  River  in  tlie  south- 
eastern comer,  the  rivers  drain  into  the  int4»i'ior  of  the  St^ta  These  rivers 
are  fed  from  the  snowfall  on  the  mountaiiis  of  Nevada  ar.d  the  eastern 
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6  IRRIGATION  OF  AJJFAJLFA  IN  NEVADA 

slope  of  the  Sierra  in  California.    The  Humboldt,  Truckee,  Carson,  Walker 
and  Mnddy  are  the  principal  rivera  nsed  for  irrigation. 

lEuafBOi.DT  River.  This  river  has  a  length  of  350  miles  by  air  line,  but 
meas\ired  in  its  irre*?\ilHr  'tourse  it  covers  a  distance  Oi£  about  1000  miles. 
The  melting  snows  of  the  Ruby,  Bast  Humboldt,  Independence  and  Dia- 
mond ranges  are  the  sources  of  this  river;  it  drains  into  the  Humboldt 
Sink  at  the  lower  end  of  the  Lovelock  Valley.  This  stream  has  a  drainage 
basin  of  13,800  s«iuape  miles,  all  within  Nevada.  More  than  50  per  cent 
of  the  irrigated  area  in  this  State  receives  its  water  from  the  Humboldt 

Truckee  Rivkr.  This  is  the  most  northerly  river  on  the  eastern 
.slope  of  the  Sierra  emptying  into  the  Great  BasiiL  It  receives  its  watar 
supply  chiefly  from  mountain  lakes  whicn  are  fed  by  the  melting  snow  of 
the  Sierra  in  California.  It  is  the  outlet  of  Lake  Tahoe,  which  has  an 
elevation  of  6,225  feet  and  covers  an  area  of  193  square  miles.  The  course 
of  the  Truckee  is  about  110  miles  lonsr,  in  which  distance  it  bus  a  total  fall 
of  2,350  feet.    It  has  a  drainnge  basin  of  2,310  square  miles 

Cafcson  River.  This  river  is  formed  by  the  East  and  West  I'orks, 
wliich  receive  their  water  supply  from  the  melting  snow  of  the  eastern 
slopes  of  the  Sierra  Nevada  in  Oalifomia.  The  river  is  about  120  miles 
lonsr  and  has  a  tot^l  fall  of  1900  feet.  It  has  a  dirainage  basin  in  Nevada 
of  988  square  miles. 

Walker  River.  This  is  the  most  southerly  river  draining  from  the 
Sierra  Nevada  into  the  Great  Basin.  It  is  formed  by  the  East  and  West 
Forks,  whose  basins  are  separated  by  the  Sweetwater  range  of  mountains. 
The  East  Fork  is  fed  by  the  melting  snows  from  the  eastern  slope  of  thf 
Sweetwater  range  and  the  western  slope  of  the  Walker  River  range,  while 
the  West  Fork  drains  part  of.  the  eastrn  slope  of  the  Sierra.  This  river 
is  about  120  miles  long,  has  a  tcital  fall  of  1,G00  feet,  and  a  drainaiic  basin 
of  2,420  square  miles. 

Muddy  River.  The  Muddy  River  is  located  in  the  southeasteri:  part 
of  Nevada.  It  receives  its  supply  of  water  from  constantly  flowing  springb 
in  Ari'ow  Canyon,  and  drains  into  the  Colorado  River.  It  has  been  esti- 
mated that  the  average  annual  flow  of  this  river  is  about  28,000  acre-feet 
of  water. 

Smau.  STREA^rs  IN  NORTHERN  Nfvada.  Thc  Small  streams  in  noith- 
em  Nevada  furnish  water  for  about  14  per  cent  of  the  total  irrigated  areo. 
The  principal  streams  are  the  White  River,  Duck  Creek,  Steptoe  Creek, 
Salmon  River,  Bruneau  River  and  Owyhee  River.  The  White  River  is 
75  miles  lonsr  and  has  an  average  annual  flow  ol  about  28,000  acre-fett 
Duck  Creek  and  Steptoe  Creek  supply  Steptoe  Valley,  and  the  Salmon, 
Bumeuu  and  OAvyhee  irrigate  a  considerable  area  in  Nevada  before  empty- 
ing into  the  Snake  River  basin 

Artesun  Wells  in  the  Las  Vegas  Vali^ey.  In  this  valley  about 
50  artesian  well«  which  develop  flows  at  from  200  to  400  feet  depths  furnish 
the  water  supply  for  the  irrigation  of  a  considerable  area. 

Washoe' Lake.  By  means  of  large  pumping  plants  several  thousand 
acres  ot  land  have  been  under  intensive  cuitivaUon  with  the  v»ater  from 
Washoe  Lake.  The  water  is  elevated  from  40  to  125  feet  by  the  different 
plants. 
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IIUliaATED  AREA  IN  xNEVADA 
The  followiug  table  taken  from  the  tvelfili  and  thirleeDth  census 
shows  the  total  irrigated  area  in  Nevada  for  1900  and  1910,  with  the  in- 
crease in  per  cent  Jor  the  ten-year  period: 

IRRIGATED  AREA  BY  COUNTIES  IN  NEVADA,  ACREAGE 

Per  Cent 
Increase 

Couuty.                                                         1900  1910  1910 

The  State  504,168  701,833  39.2 

ChurchiU   29,533  35,114  .     18.9 

Clark _ (a)  8,116            

Donjrlafi  25,861  32,181  24.4 

Elko  „ 156,446  183,552  17.3 

Esmeralda  (b)  6,181  14,011  120.7 

Eureka    21,831  18,715  14.3 

Humboldt  _...  124,959  207,753  66.3 

Lander 18,803  23,342  24.1 

Lincoln  (a) 9,962  9,907  (a) 

Lyon    32,422  62,148  91.7 

Nye 12,666  19,978  57.7 

Ormeby  — „ 1,563  2,426  55.2 

Storey    .  _ 690  891  29.1 

Washoe    _ „ 43,855  50,904  ;16.0 

White  Pine 19,366  32,795  69.3 

(a)  Change  in  boundary.  Lincoln  County  divided  into  Lincobi  and 
Clark  Counties. 

(b)  Change  in  bound.nry.  Esnierslda  County  divided  in'.o  Esmeralda 
and  Mineral  Counties. 

It  is  noted  r'rom  this  table  that  about  30  per  cent  of  the  total  irrigated 
area  is  located  in  Humboldt  County  and  56  per  cent  in  Humboldt  and  Elko 
Counties,  this  area  being  irrigated  from  the  Humboldt  River  aud  its  tribu- 
taries. 


Furrow  Irrigation  by  means  of  pipes. 
METHODS  OF  IRRIGATING  ALFALFA  IN  NEVADA 

The  greater  portion  of  the  alL'aJfa  acreage  in  Nevada  is  irrigated  by 
wme  form  of  flooding.    Jn  the  Lovelock  Valley  the  border  method  of  iSood- 
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ing  is  generally  iised;  on  the  Truckee-Carson  Project  the  check  system  of 
flooding;  in  Washoe  Valley,  flooding  fiom  add  laterals  and  by  the  furrow 
method,  and  in  the  Carson  V'alley  the  furroriir  or  corrugation  method  is  most 
common. 

On  the  heavy  soils  in  the  Tnidtee  Valley  practioally  every  field  is 
ifurrowed.  but  the  land  is  usually  flooded  from  field  laterals.  The  object 
of  the  furrows  is  to  provide  an  easy  channel  for  the  water  to  the  lower  end 
of  the  field  and  after  completing  each  irrigation  to  provide  a  run-off  for 
any  water  which  might  otherwise  remain  irtanding  in  the  low  places,  thereby 
retarding  the  growth  of  plants. 

In'  the  irrigation  of  alfalfa  on  light,  sandy  soils  it  is  very  important 
to  have  available  a  sufficient  head  of  water  to  flood  the  field  in  a  sliort 
time  so  that  very  little  water  wll  be  wasted  by  percolation  through  the 
soil  beyond  the  depth  of  the  plant  roota  With  the  heavy  day  loam  or  clay 
soils  a  relatively  small  head  of  water  is  required  for  a  iLonger  period  of 
time,  since  the  water  percolates  leas  rapidly  through  these  soils.  The  hcavT 
soils,  however,  have  greater  power  for  retaining  water,  and  are  better  suited 
to  tflewer  and  heavier  irrigations.  PVequent,  light  applications  of  wat^ 
generally  result  in  the  best  crops  on  the  sandy  and  sandy-loam  soils.  Each 
method  of  irrigation  is  generally  peculiarly  adapted  to  the  soil  conditioiui 
an^d  lay  of  the  land  in  the  district  wherein  it  is  practiced.  For  detailed 
information  on  the  different  methods  of  irrigation  see  Nevada  Experiment 
Station  Bulletin  No.  91  on  'THE  IRRIGATION  OF  WHEAT  IN 
NEVADA," 


Check  method  of  Irrigation. 

AMOUNT  OF  WATER  REQUIRED  FOR  ALFALFA  IN  NEVADA 

The  amoimt  of  water  required  for  alfalfa  in  Nevada  varies  with  a 
number  of  conditions,  chief  among  which  ai-e  the  type  of  soO,  the  lay  ot 
the  land,  a  hardpan  near  the  surface  and  the  annual  evaporation. 

Typts  op  Sou..    The  type  of  soU  probably  causes  greater  variation  in 
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the  amount  of  water  required  than  any  other  one  factor.  In  1906,  12^ 
acres  of  alfalfa  at  the  Experiment  Station  grovdng  on  gravdiy  soil  with  a 
very  open  graveUy  subsoil  received  a  total  depth  of  8.5  feet  of  water  and 
produced  only  two  tons  per  acre.  The  yield  per  aca:e-foot  of  water  was 
only  .2-i  tons  per  aci*e.  During  tihe  same  year  two  acres  a£  alfalfa  growiui? 
on  a  sandy  clay  soil  with  a  clay  subsoil  received  a  total  depth  of  3  feet  of 
water  and  produced  7.r?G  tons  per  acre  or  a  jdeld  of  2.45  tons  per  acre-foot 
of  water. 

Lay  of  the  Land.  On  lands  that  are  rolling  or  that  have  steep  slopes 
the  amount  of  run-off  is  large,  thus  increasing  the  total  irrigation  reqaired 
to  produce  the  best  crc^s.  On  the  more  uniformly  level  lands  with  light 
slopes  practically  all  of.  the  water  applied  may  be  retained  by  the  land 
that  is  irrigated.  On  certain  alfalfa  fields  in  the  Truckee  MeadoAvs  where 
the  land  is  rollinj?  the  total  annual  depth  of  imgation  varies  from  10  to 
15  ieet,  but  more  than  t\^o-thirds  of  this  amount  is  run-oflE  thjit  is  used 
agfain  on  lower  lands  or  drains  back  into  the  Tniekee  River. 

Hardi'an  Near  the  Surface.  'Phe  fcllowing  table  shews  the  results 
obtained  in  1910  on  an  acre  of  alfalfa  which  received  12  irrigations  with 
a  total  of  about  six  acre-feet  of  watrr : 

EFFECT  OF  H  AKDPAN  ON  THE  AMOUNT  OF  WATER  REQUIRED 

FOR  ALFALFA* 


YlKIiI>  IN 

TONS 

Date  of  Irrigaliui 

I 

Depth  of  Ir-     First         Second 

Third 

1910 

rigaiion..  Feet  Cutting      Cutting 

Cutting  Total 

April       19 

.126 

April       20 

239 

Mav           5 

.408 

May         23 

.646 

.Time          3 

.662 

2.081            1.65 

Jnnc        16 

.759 

Jraie       27 

.537 

July          7 

.225 

Jnlv          8 

.436 

1.957                             1.55 

Tnly        29 

.523 

August     6 

.676 

AujfiiBt    12 

.661 

1.860 

1.77 

Sept.       14 

.390 

Imgation  for  pasture 

4.97 

Total  Trrigatioii  .. 

... 

6.288 

•  A  heavy  clay  soil  with  a  hardpan  layer  very  elcse  to  the  surface. 

It  is  noted  from  these  results  that  soils  with  a  hardpan  near  the  sur- 
face have  very  little  capacity  for  recei^dng  and  retaining  water,  and  in  this 
instance  about  twice  as  much  water  was  required  to  produce  a  crop  as  was 
necessary  on  similar  soils  without  a  hardpan  layer  near  the  surface. 
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H^HK. 

J^\m^i-\^  ^ 

R.  i^B 

. ^^^H 

,-'    "^tHI 

U-^^4-r=---i.P -/^x\,'  1.  /  ,-.\.  J 

^^® 

A  Preano  Scraper  attached  to  a  Moline  Tractor;  used  in  leveling  land 

for  Irrigation. 

Epjtxt  of  Evaporation  on  the  Amount  of  Water  Required.  The 
following  table  shows  the  average  evaporation  by  montlis  at  the  Experi- 
ment fStation  from  still  water  surfaces  for  the  year  1912 : 

EVAPORATION  FROM  WATER  SURFAC  ES  AT  THE 
EXI^ERIMENT  STATION  IN  1912 
]V[onih  Evaporation  Feet 

Januai-y  101 

Februarv  143 

March   ! 110 

April    : 28f» 

May   569 

June  867 

July   950 

Augusl     051 

September  608 

October 452 

November    .182 

December 134 

TOTAL   5.356 

The  annual  evaporation  from  wat^T  surfaces  at  the  Experiment  Sta- 
tion is  shown  to  exceed  five  feet  the  greatest  loss  occurring  during  the 
months  of  June.  July  and  August.  At  the  Experiment  Station  on  culti- 
vated land  the  average  loss  of  water  annually  by  evaporation  amounts  to 
about  fifteen  inches. 

It  is  quite  e\ndent  from  these  results  that  where  the  annual  evapora- 
tion is  high,  more  water  is  required  to  produce  a  crop  than  in  di&trirti 
where  the  normal  conditions  a£  evaporation  prevail. 

Duty  of  Water  on  Alfalfa  at  the  Experiment  Station,  1906-11. 
The  following  table  shows  the  ave^rage  results  in  total  irrigation,  yield  per 
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acre  and  yield  per  acre-foot  of  water  at  the  Experiment  Station  for  the 
-year  period,  1906-11 : 


DUTY  OP  WATER  ON  ALFALFA  AT  THE  EXPERIMENT  STATION 

1906-11. 


X*^r 


Size  of  Plat  Total  Water 
Plat      Acres     Applied  ft. 


Id06 

2 

S.O 

Avcraf^e 

3.0 

1907 

20 

1 

5.42 

21 

1 

5.4^ 

22 

1 

4.&1 

23 

1 

4.61 

24  A  25 

2 

5.87 

Average 

5.18 

190K 

1 
1 
1 
1 
2 

4.32 
3.30 
2.47 
2.92 
4.76 

Average 

3.55 

19(W 

15 

1 

2.2'2 

16 

1 

3.48 

24 

1 

5.28 

25 

1 

2.98 

2ff 

,  27,  28 

3 

3.57 

20 

1 

2.&4 

n 

1 

2.33 

22 

1 

3.76 

2^3 

1 

2.2fl 

Average 

3.15 

1910 

20 

1 

5.08 

21 

1 

3.0*5 

22 

1 

2.76 

23 

1 

2.61 

24 

1 

5.78 

25 

1 

3.58 

Average 

3.81 

1911 

20 

1 

3.64 

21 

1 

2.66 

22 

1 

2.25 

23 

1 

2.17 

24 

1 

3.87 

25 

1 

3.87 

Average 

3.08 

Average 

for   fi-; 

ywir  period 

1906-11 

3.63 

Yield  per 

Yield  per  Acre 

Acre. 

Tone 

Foot  of  Water. 

Tons 

7.86 

2.45 

7.36 

2.45 

5.63 

1.03 

5.04 

.92 

5.11 

1.10 

5.92 

1.2-8 

7.04 

1.19 

5.75 

7.88 

7.12 

1.54 

6.02 

1.69 

6.04 

2.20 

5.66 

1.46 

5.13 

1.02 

5.99 

1.68 

4.85 

1.95 

4.23 

1.21 

6.57 

1.22 

6.21 

2.09 

4.15 

1.16 

6.94 

2.73 

6.50 

2.78 

4.60 

1.22 

6.22 

2.81 

5.53 

1.91 

7.52 

1.48 

6.61. 

2.16 

5.02 

2.14 

6.35 

2.43 

6.69 

1.14 

6.02 

1.68 

6.50 

1.84 

5.15 

1.41 

5.31 

1.99 

4.56 

2.02 

4.27 

1.96 

3.34 

.86 

3.15 

.81 

4.30 


5.90 


1.51 


1.63 


Note—  Sandy  clay  soil.  Water  measured  from  weir  box  at  an  average 
distance  of  one-fourth  mile  iwrn  plats,  applied  under  lield  condiiious. 
Waste  water  from  plats  not  measured. 

It  is  noted  that  the  greatest  average  total  irrigation  of  5.18  feet  was 
given  in  1907  with  an  average  yield  of  5.99.  tons  per  acre  or  slightly  above 
the  average  for  the  six-year  period.  During  every  other  year  the  average 
total  irrigation  was  between  three  and  four  feet,  or  averaging  3.32  feet. 

The  highest  yield  oft  7.36  tons  per  acre  w^as  obtained  in  1906  with  a 
total  irrigation  of  three  feet  of  water,  and  the  next  highest  yield  of  6.5  tons 
per  acre  in  1910  with  an  average  total  irrigation  of  3.81  feet  of  water. 
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Leveling  land  with  a  tailboard  scraper  on  the  Truckee-Carson  Project. 

The  avemgo  results  for  the  six-year  period  shows  a  yield  of  5.9  tons 
per  acre  with  a  total  irrigation  of  3.63  feet.  This  gives  a  yield  of  1.63 
tons  ix;r  acre-foot  of  water. 

Duty  of  Water  on  Alfalfa  Under  Field  Conditions  in  the  Carsok 
Valley,  1307.  In  1907  the  Experiment  Station  in  oo-operation  vnth  Irri- 
gation investigations^  United  States  Departmeiit  of  A^eultiire,  made 
a  number  of  Abater  duty  determinations  on  the  ranch  of  the  Dangberg 
Land  &  C'attle  Company  in  the  Carson  Valley.  The  following  table  shows 
tho  rcsidt*  of  tlurse  determinations,  including  uumher  of  irripitiohs,  deptn 
of  imgaticfn,  yiold  per  ao.re  nnd  yield  per  acre-foot  oi*  vater: 

DUTY  OF  WATER  ON  ALFAIiPA  AT  THE  DANGBERG  RANCH, 
CARSON  VALLEY,  1907.* 

FIELD  No.    1-81.32   ACRES 
No.  of        Depth  of  Date  of  Yield  per  Yield  per  acre- 
Kind                   IrriiFations  Irrigation  Cutting  Aero  foot  of  water. 
Feet              Feet  Tons  Tons 
Alfalfa  and  Timothy, 

Irt    crop    3               3.16  July       22-S6  8.87  1.28 

Alfalfa.  2nd  crop 3              2.71  Oct.         4-8  2.46  0.90 

Total 5.87  0.38  1.06      (Aver.) 

FIBJ^D  No.    2—80.60  ACRES 

Alfalfa,     Idt    crop 2  3.08  July         1-4  1.68  0.55 

Alfalfa.    2nd    crop 2  2.24  Sept.        5-8  1.49  0.66 

Total 5.3'2  3.17  0.60     (Aver.) 

FIETLiD   No.    .3 — 102.66    ACROSS 

Alfalfa.     Isi    crop 8  3.40  Aug.      16-20  2.92  0.?5 

Alfalfa.   2nd   crop.  Used   for  pasture  ho  lance  of  the  8ea.son. 

Total 3.40  2.92 

FIKLD  No.  8 — 50   ACRES 

Alfalfa.    Ist    crop 3  2.94  July       22-23'  3.4  1.16 

Alfalfa      2  2.02  Sept.     1 9-20  2.4  1.18 

Total 4.96  5.8  1.17      (Aver.) 

Avor.  for  fields  1.  2  &   S  5.38  5.1  .95 

•The  yields  shown  in  this  table  are  the  results  of  common  practice  on 
the  Daneberfr  ranch,  one  of  t)ie  hirgeert;  cultivated  ranches  in  the  Stale. 
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The  land  represented  by  these  fields  ^  or  in  a  high  state  ol  cultivation, 
contained  an  excellent  stand  ol  alfalfa  and  was  irrigated  b>  the  iurrow 
method.  The  average  results  Tor  fields  1,  2  and  8  show  a  yield  of  5.1  tons 
per  acre  with  a  t'jtal  inncntion  of  5.38  Joet,  wliicli  gives  a  yield  of  .95 
tons  per  Rcre^foot  of  water. 

IBMGATKiN  INVESTIGATIONS  WITH  ALFALFA,  1915-17. 

lOuring  the  three-yeiir  perio*],  1915-17,  experiments  were  conducted  on 
the  irrieat;on  of  alfalfa  to  compai'e  the  depth  of  application,  water  con- 
tent of  plant,  proj>ortiun  of  leaves  to  Hteros,  yield  per  acre  and  yield  per 
&re-fool  of  water,  when  irrigated  at  different  stages  of  wilting. 

In  these  ^xpenmenits  the  water  was  measured  into  the  plats  through 
two-inoh  galvanized  iron  pipes  and  check  plats  were  used  to  eliminate  as 
far  as  possible  any  variation  in  soil.  The  idfall'a  was  ii  ripatod  by  the  i>or- 
der  method  of  flooding,  using  small  furrows  about  thrde  feet  apart  \o 
provide  a  more  ready  channel  Cor  the  water  to  the  lower  end  of  the  plats. 
The  head  of  water  was  so  regulated  as  to  prevent  any  run-off.  The  results 
herein  recorded  are,  therefore,  bawd  upon  the  actal  water  used  by  the 
plats  under  the  varying  conditions  presented.  The  following  table  shows 
the  results  of  the  irripition  investigations  with  alfalfa  for  the  three-year 
pmor,  19  J  5-17: 

IRRIGATION  OP  ALFALFA 

Average  K^ults  for  the  Three-lear  Period,  19 J 5  17. 

TotaP 

No.     Depth  of            Total             Water  Proportion  Yield  per  Yield  pi^rAcre- 

of  AppUcation  Irrigatlom         Content  of  Leaves             Acre  Foot  of  Water 

Plal     Inches           Inches         Per  Cent  Per  Cent             Tons  Tons 

Plants  Never  Allowed  to  Show  Need  of  Water. 

i        6        €6        84.2        37.15        6.0«  1.10 

6        9        «8        86.0        S6.40>        €.06  1.1« 

8       12        80        81.4        37.05        6.68  .99 

Irrigated  When  Plants  Show  Need  of  Water  by  Dark  Green  Color  of  Foliage 

t        6        44        78.6        89.85        6.d4  1.60 

•        9        45        81.2        4C.10        5.67  1.51 

I       12        56        77.8        38.100        5  61  1.20 

Imjrated  When  Plants  Show  Need  of  Water  by  Dark  Green  Color  cf  Foliage 

and  Drooping  Leaves. 


4 

6 

£2 

78.8 

45.3 

3.98 

2.17 

7 

9 

80 

77.5 

42.0 

4.44 

1.77 

U 

12 

86 

72.8 

87.5 

5.18 

1.78 

•Average  i-enults  for  1915-16. 

WIIKX  TO  IRRIGATE  ALFALFA 

A  too  ecrnimon  pra<*tioe  of  irrigating  alfalfa  in  Nevada  is  to  apply 
^ter  to  the  crop  at  rogxilar  intervals  with  little  regard  to  the  actual  needs 
Q|  the  crop  for  wat^^r,  and  to  the  poagible  injury  lo  the  soil  by  excessive 
Jnigation. 

One  t>f  the  chief  objects  ol*  these  iavestigationR  Wiis  tc  compaie  tiie 
different  depth'*  of  irrigation  at  the  diflferent  stages  of  wilting  to  deter- 
mine the  elfect  on  the  yield  per  acre  and  the  yield  per  acre-foot  of  water. 
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An  excess  of  water  is  used  in  this  method  of  flooding. 

This  table  indicates  that  for  the  most  practical  resiilU,  alL'alfa  is  beat 
iri'igated  when  the  leaves  have  turned  dark  green  in  color  and  begun  to 
droop,  asint?  12-inch  appliccitions.  With  such  conditions,  alfalfa  produced 
an  average  oC  5  18  tons  per  acre  with  36  inches  of  water,  thus  giving  a 
.yield  of  1/73  tons  p«^r  Hore-foot  of  water. 

The  use  o;  12-inch  applications  before  the  plants  showed  need  of 
water  produced  the  Jiighest  yield  of  (JJi3  tons  per  acre  with  80  inches  of 
water,  which  gave  a  yield  wf  less  than  trfie  ion  per  acre-foot  of  water. 
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A  minimum  amount  of  water  is  used  in  the  furrow  method  of   irriffatloni. 

The  ontinuoiis  uso  of  the  hexivy  irrigations  may  cause  serious  injury 
to  the  soil  by  producing  a  wat-er-lo^^p:r»d  condition  or  washing  down  UiC 
soluble  pla)it  food  below  the  reach  of  the  feeding  roots. 
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The  soil  on  these  plats  is  a  sandy  clay  vriih  considerable  capacity  for 
hdding  water.  On  lii^hter  soils  more  frequent  lighter  amplications  will  be 
required  to  prevent  loss  of  wuter  by  percolation  and  the  washing  do^vit  of 
soluble  plant  food. 

In  these  expeiiments  alfalfa  responded  better  than  wheat  or  potatof^s 
to  heavy  applications  of  water. 


A  home-made  furrowing  machine,  commonly  used  in  Nevada  for 
furrowing  nlfalfa  fields. 

AMOUNT  OF  W41ER  APPLIED 

These  results  indicate  that  under  normal  soil  conditions,  in  Nevada, 
the  most  desirable  anount  of  water  for  alfalfa  will  vaiy  between  36  and 
48  inches.  The  crop  did  not  use  economically  more  than  this  amount. 
Also  continuous  excessive  irrigation  lowers  the  producing  power  of  the  land. 

The  most  economical  U8«-  of  water  was  obtained  with  an  aver-asre  an- 
nual total  irrigatiim  of  36  inch«*s  with  l:i-inch  applijations.    Ihe  highest 
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yield  was  Dbtainerl  with  a  total  inrigaiicu  of  from  6  to  7  feet  of  water  in 
12-in(  h  applications,  but  was  acoompanied  by  a  low  yield  per  ac^re-foot  o( 
water  and  an  iaferior  quality  of  hay,  due  to  the  large  proportion  of  eoane 
leaves  to  stems. 

Th<»  average  decrease  in  total  depth  of  irrigation  was  accompanied 
by  a  I'dative  decrease  in  water  eontejit  of  i)lant  and  yield  per  acre,  but  a 
comparative  increase  in  pri>iK)rtion  of  leaves  to  stems  and  jield  per  acTC- 
foot  or  water. 

Rkuvtion  of  Soil  Moisture  Contiont  to  Time  and  Amount  of  Irri- 
gations. In  conducting  these  experiments  on  the  irrigation,  of  altalfa, 
soil  samples  wore  t^ikcn  at  regular  intervals  during  the  period  of  irriga- 
tion to  determine  the  variations  in  moisture  content  in  relation  to  the 
time  of  irrifiration  and  the  depth  of  each  application.  The  following  Me 
compares  tlie  soil  moisture  contents  before  the  /ii'st  irrigation  and  beToro 
the  second  cutting  of  alfalfa,  at  different  stages  of  wilting,  with  6-iiidi, 
9-inch  and  12  inch  applications: 

AVERAGE   PKR   CENT   OF   DECKEASIO   JJEFCRE   HARVEST  IN 
RELATION  TO  THE  SOIL  MOISTURE  CONTENT  BEFORE 
THE  FIRST  IRRIGATION  FOR  THE  THREE- 
YEAR  PERIOD,  1915-17. 

__  j  .  ____ 

TIME    OF    IRRIGATION 


Six-Inch  Applications. 


Total  Irrigation,   inches. 

Yield    per   acre,    tons . . . 

Yield  per  acre-foot  of 
water,   tons    

Average  per  cent  of  de- 
crease in  soil  moisture 
at  harvest    


Irrigated    Ijefore 

plants  show  need 

of  water. 


I 


When  plants 

show  need  of 

water  by  darlc 

green  color  of 

foliage. 


66 
6.06 

1.10 
12. 7» 


44 
5.64 


1.50 


7.2« 


Nine- Inch  Applications. 

Total   Irrigation,   Inches. 

Yield    per    acre,    tens.  . . 

Yield  per  acre-foot  of 
water,   tons    

Average  per  cent  of  de- 
crease in  soil  moisture 
at  harvest    


When  paints 
show  need  of 
water  by  darlc 
green  color  of 
foliage  and 
drooping  lettvea. 


22 

3.98 

2.17 
6.1 


Twelve-Inch  Applications. 

Total  Irrigation,   inches... 

Yield    per   acre,    tons 

Yield  per  acre-foot  of 
water,   tons    

Average  per  cent  of  de- 
crease in  soil  moisture 
at  harvest    


63 
6.06 

1.15 
31.5* 


45 
5.67 

1.51 
4.2 


SO 
6.63 

.99 


4.2 


66 
5.61 

1.20 
8.9 


30 
4.44 

1.77 
23.3 


S6 
5.18 

1.78 
35.4 


^Average  per  cent  of  increaae  in  soil  moisture  content  at  harvest. 
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IS  IRRIGATION  OP  AUTALFA  IN  NEVADA 

An  increase  in  soil  moisture  content  at  harvest  is  noted  with  the  six- 
inch  applications  in  the  first  two  atages  of  wilting  and  with  the  9-inch 
application  in  the  first  stage,  due  in  part  to  the  frequency  of  iriigatioii. 
The  greatest  increase  occurred  with  the  9-i)ich  application  and  a  total  irri- 
gation of  63  inches. 

The  most  uniform  decrease  in  moi8tui*e  content  at  hardest  is  noted 
in  the  third  or  last  stage  af  wilting}.  Here  the  total  irrigation  and  the 
as  the  decrease  in  moisture  content  at  harvest  and  the  dH>th  of  applicaUoo 
as  the  decrease  in  moisture  coutcnt  at  harvest  and  th  depth  of  applicaticm 
beoome  greater. 

The  fields  per  acre  with  the  6  and  9-inch  applications  at  the  second 
stage  of  wilting  and  the  12-inch  application  at  the  third  stage  of  vdlting 
show  l)ut  little  variation  but  the  greatest  decrease  of  35.4  per  cent  in 
moisture  content  at  harvest  ^^  ith  the  12-inch  application  to^'ether  -with  tlie 
high  yield  per  acre-foot  of  water  shows  that  this  is  the  most  practical  and 
economical  use  of  water  of  these  three  methods. 

With  the  tw'o  otlier  stages  of  wilting  the  variations  are  not  so  mexked, 
but  tend  to  bear  out  tlie  general  statement  that  when  the  total  irrigatiou 
exceeds  an  average  of  from  three  to  four  feet,  the  soil  moisture  content  at 
harvest  increases  or  shows  a  slight  decrease,  thus  indicating  that  the  ex- 
cess of  water  applied  is  not  used  economically  by  the  alfalfa  crop. 

For  additional  information  on  irrigation  practices  in  Nevada,  see 
Bulletin  No.  91  on  ''THE  IRRIGATION  OP  WHEAT  IN  NTIVADA." 
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ONE-NIGHT  CAMPS  vs.  ESTABLISHED  BED-GROUNDS 


DITBODXrOTION 

This  bulletin  reports  the  results  of  experiments  during  two  seasons 
to  determine  (1)  whether  it  is  practical  to  handle  sheep  on  summer 
ranges  in  Nevada  without  returning  each  night  to  an  established 
camp;  and  (2)  the  effect  of  such  a  system  of  handling  on  the  sheep 
and  the  range  in  comparison  with  the  prevailing  method  of  returning 
each  night  to  a  fixed  bed-ground. 

In  Nevada  the  general  method  of  handling  sheep  on  the  summer 
grazing  ranges  of  the  public  domain  is  to  make  a  permanent  bed- 
ground  to  which  the  sheep  are  returned  each  night  imtil  all  the 
forage  within  a  radius  of  a  mile  to  three  miles  of  the  bed-ground 
is  consumed,  when  a  new  camp  is  established.  Quite  frequently, 
under  this  system  of  handling,  the  sheep  are  close-herded ;  dogs  are 
employed  more  often  than  is  good  either  for  the  sheep  or  the  range ; 
unnecessary  trailing,  running,  and  massing  take  place;  the  range 
forage  is  cut  up  and  destroyed  by  the  hoofs,  and  there  is  a  material 
loss  of  flesh  in  both  ewes  and  lambs. 

In  order  than  this  loss  of  flesh  and  destruction  of  range  might  be 
reduced,  a  study  was  made  during  the  summers  of  1916  and  1917  to 
determine  under  Nevada  conditions  what  the  advantage  to  the  ewe 
and  her  lamb  would  be  and  what  difference  it  would  make  in  the 
carrying  capacity  of  the  range  if  the  sheep  were  allowed  at  all  times 
to  graze  contentedly,  openly,  and  quietly,  and  were  allowed  to  bed 
down  wherever  they  were  overtaken  by  night  instead  of  being  driven 
back  each  night  to  a  permanent  bed-ground. 

Three  flocks  were  studied  under  each  system  during  the  summers 
of  1916  and  1917.  The  details,  results,  and  conclusions  for  the  two 
systems  follow: 

THE  KIND  OF  BANOE  WHICH  WAS  STUDIED 

In  order  to  compare  results  from  the  two  systems  we  had  to  find 
a  good  big  piece  of  range  which  was  very  much  the  same  all  over, 
and  make  our  trials  there.  The  grasses  and  plants  had  to  be  the 
same ;  they  had  to  be  about  as  thick  on  one  part  of  the  trial  range 
as  on  the  other.  The  country  had  to  be  about  the  same  on  one  part 
as  the  other,  with  the  same  amount  of  water  on  both.  The  range 
selected  was  an  open  grass-land  region,  a  rolling  hill  coimtry  where 
the  sheep  could  get  at  all  of  it  easily.  The  grass  was  about  the  same 
on  all  of  it,  and  the  kind  of  country  and  watering-places  were  very 
much  alike.  It  was  an  ideal  range  on  which  to  try  out  the  two 
systems  of  camping. 

The  forage  was  made  up  mainly  of  grasses,  with  a  scattering 
growth  of  weeds  and  browse.  There  was  very  little  timber,  only  a 
few  scattered  patches  of  aspen,  which  were  used  by  the  sheep  to 
good  advantage  for  shade  during  the  heat  of  the  day.  On  the  aver- 
age about  seven-tenths  of  the  surface  of  the  ground  was  occupied 
by  plant  growth  consisting  of  possibly  75%  grass  and  20%  weeds 
and  5%  browse.  About  7%  of  the  forage  was  not  utilized.  Because 
it  was  an  exceedingly  uniform  range,  any  differences  in  carrying 
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capacity  can  only  be  attributed  to  the  methods  used  in  handling 
the  sheep. 

BREEDS   OF   SHEEP  USED 

The  ewes  handled  under  the  various  tests  were  mainly  fine-wools, 
with  a  good  many  showing  the  long-wool  characteristic  of  the 
Lincolns  and  Cotswolds,  or  the  typical  black  and  brown  faces  of 
the  Shropshire  and  Hampshire.  However,  the  foundation  blood 
consisted  mainly  of  Merino  and  Rambouillet. 

HEEDING  QXTALinES  OF  THE  VABIOUS  BREEDS  STUDIED 

From  all  observations  made  during  the  two  seasons,  it  appears 
•that  the  fine-wool  sheep  taken  collectively  are  more  easily  herded 
and  handled  than  either  the  mutton  or  the  coarse-wool  breeds. 

The  western  sheepman  has  never  developed  a  type  of  sheep  which 
would  meet  his  own  special  needs.  He  has  taken  the  various  breeds 
which  have  originlated"  from  the  peculiar  standards  of  the  various 
breeders,  from  environment,  and  from  the  varying  character  of 
climate,  forage  and  soil,  and  adapted  them  as  best  he  could  to  meet 
his  own  varied  economic  conditions.  Because  of  this  intermingling 
of  breeds  there  are  few  flocks  of  pure-bred  sheep  on  our  western 
ranges.  Consequently  the  wool  is  far  from  being  uniform,  the 
herding  qualities  vary  in  different  flocks,  the  lambs  produced  are 
decidedly  uneven,  and  the  ability  to  withstand  severe  winters  varies 
according  to  the  breed  of  the  sheep  being  handled.  However,  sheep 
especially  adapted  to  western  range  conditions  must  have  the  ability 
to  stand  severe  storms,  with  little  or  no  protection,  and  to  maintain 
themselves  during  periods  of  drought  and  starvation ;  they  must  be 
good  shearers,  and  must  have  an  inbred  tendency  to  herd  well  with- 
out unnecessary  trailing  and  straying. 

The  fine-wool  sheep,  therefore,  have  a  big  advantage  on  our  west- 
em  ranges  over  most  other  breeds  because  the  environment  under 
which  they  were  developed  and  produced  gave  them  a  pronounced 
ability  to  sustain  themselves  on  scanty  coarse  feed. 

As  rustlers  they  are  entitled  to  first  place.  On  account  of  this 
active  rustling  habit,  they  are  more  particularly  adapted  than  other 
breeds  for  grazing  on  our  rough  broken  ranges  where  they  are 
forced  to  cover  a  large  area  in  order  to  get  their  feed.  Further, 
sheep  on  our  Nevada  ranges  are  kept  to  average  age  of  seven  to 
eight  years,  and  the  fine-wool  breeds  will  hold  their  wool  better 
than  any  other  breed  to  this  age.  The  mutton  breeds  soon  become 
light  shearers,  the  wool  getting  especially  thin  over  the  stomachs. 
Of  all  the  breeds  observed,  the  fine-wools  utilized  the  range  for- 
age most  efficiently;  and  their  lambs»  produced  by  crossing  blocky 
mutton-bred  sirps,  were  the  most  promising  on  the  range. 

HERDERS 

The  herders  in  every  instance  were  Basques.  In  Nevada  prac- 
tically all  of  the  sheep  are  handled  by  this  class  of  herders.  As  a 
general  rule,  after  being  given  the  proper  instructions  they  are  very 
reliable  and  conscientious  shepherds.  The  herders  who  handled  the 
sheep  under  observation  all  had  more  or  less  ability  and  displayed 
considerable  energy,  but  they  did  not  handle  their  flocks  in  the 
same  manner.    This  difference  in  the  methods  of  handling,  offered  an 
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excellent  opportunity  for  working  out  comparative  range-carrying 
capacity  tests,  and  average  daily  gains  made  by  lambs  under  the 
existing  methods  of  handling  sheep  on  our  public  domain  range. 
The  greatest  difference  in  the  methods  of  the  various  herders  was 
that  a  few  changed  their  bed-ground  daily  and  allowed  their  sheep 
at  all  times  to  graze  openly  and  quietly,  while  others  close-herded 
their  sheep  and  returned  them  each  night  to  an  established  camp 
until  all  the  feed  within  a  radius  of  two  to  three  miles  was  grazed 
oflf.  Then  the  camp  would  be  moved  by  the  camp-tender  and  a  new 
bed-ground  made  on  some  other  part  of  the  range.  A  comparison 
of  the  two  systems  follows. 

ESTABLISHED  BED-GBOXTND  SYSTEM 
When  the  animals  are  handled  under  this  system  a  main  camp  is 
established  to  which  the  sheep  are  returned  each  night  and  bedded 
down.  On  this  bed-ground  with  the  herder  they  remain  all  night 
without  any  attention  until  early  morning,  when  they  commence  to 
become  restless,  because  their  stomachs  are  empty  and  they  are 
anxious  to  begin  feeding.  The  herder  must  now  be  on  duty  to  direct 
them  toward  the  area  where  he  wishes  them  to  graze  during  the  day. 

BEDDINGKOUT  SYSTEM 

Under  the  system  just  explained  the  sheep  are  returned  to  a  per- 
manent bed-ground  each  night,  but  with  the  bedding-out  system 
they  are  allowed  to  bed  down  on  a  new  area  each  night.  This  means 
a  new  bed-ground  every  day  or  a  new  bed-ground  every  third  day 
in  case  of  wet  or  stormy  weather,  when  it  would  be  impracticable 
to  move  camp.  However,  under  Nevada  conditions,  there  are  but 
few  nights  during  the  summer  when  it  is  wet  and  cold,  so  that, 
practically  speaking,  it  is  entirely  feasible  to  have  a  new  bed-ground 
every  night. 

Under  this  system,  rather  than  to  graze  the  vicinity  of  a  camp  to 
full  capacity  and  injure  or  ruin  the  range  forage  as  under  the  old 
system,  it  is  left  in  good  condition  and  grazed  again  at  a  later  date. 
The  sheep  are  always  on  fresh  feed,  which  allows  them  to  graze 
during  the  cool  morning  and  evening  hours  and  to  seek  shade 
during  the  hot  part  of  the  day. 

As  soon  as  the  sheep  leave  the  bedrground  in  the  morning  they 
immediately  begin  to  spread  out;  some  going  in  one  direction  and 
some  in  another.  Some  travel  fast  and  others  slow.  In  a  short  time 
if  they  are  not  checked  they  will  have  spread  over  a  large  area,  and 
instead  of  being  in  a  compact  bunch,  as  they  were  when  they  left 
the  bed-ground,  they  will  have  commenced  to  separate  into  smaller 
bunches. 

At  this  stage,  or  even  before,  the  lazy  herder,  or  the  one  who  uses 
the  ** close-bunched"  herding  system  of  handling,  resorts  to  the  use 
of  the  dogs  and  soon  has  the  sheep  rounded  up  into  a  more  or  less. 
compact  bunch.  Dogging,  running,  and  trailing  go  on  all  day  until 
the  sheep  are  returned  at  night  to  the  bed-ground. 

Some  indifferent  herders  continually  use  their  dogs  in  order  to 
keep  the  tail  end  of  the  herd  up  with  the  leaders ;  but  the  energetic 
conscientious  herder  will  keep  himself  moving  around  the  outside 
of  the  flock  constantly  turning  or  retarding  the  leaders.    This  allows 
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all  the  animals  to  graze  contentedly  with  the  greatest  possible 
chance  to  exercise  choice  in  the  selection  of  forage.  The  sheep  are 
allowed  to  bed  down  wherever  they  may  be  when  night  overtakes 
them. 

If  the  heaviest  range  lambs  are  to  be  produced  from  a  given  piece 
of  range,  the  system  outlined  above  must  be  used.  The  ideal  way 
of  handling  sheep  on  the  range  should  approach  as  nearly  as  pos- 
sible the  manner  of  grazing  within  a  pasture  where  the  animals  do 
the  least  amount  of  trailing  from  one  place  to  another  and  where 
they  are  at  all  times  allowed  to  graze  openly  and  quietly  without 
being  disturbed.  Of  course,  it  is  impossible  under  our  present  public 
domain  conditions  to  handle  sheep  on  the  range  under  fence;  but 
the  pasturage  system  should  be  the  ideal  and  should  be  approached 
as  closely  as  possible.  This  means  that  tail-end  herding  must  be 
done  away  with  and  the  herding  take  place  from  the  sides  and  front, 
the  herder  continually  turning  at  all  times  the  fast-trailing  leaders. 
The  slow-grazing  sheep  which  are  feeding  in  the  rear  of  the  flock 
will  not  then  have  to  keep  up  with  the  fast-trailing  leaders.  This 
gives  all  the  animals  in  the  flock  an  equal  chance  to  fill  in  the 
shortest  possible  time. 

This  is  by  no  means  a  lazy  man's  way  of  herding,  but  it  means  an 
increase  in  the  carrying  capacity  of  the  range,  and  means  the  pro- 
duction of  heavier  range  lambs,  fatter  ewes,  and  fewer  cripples. 
It  simply  means  grazing  with  the  least  possible  herding  or  actual 
driving.  It  allows  the  sheep  to  graze  continually  in  the  cool  morn- 
ing hours  and  to  "buck  up"  during  the  heat  of  the  day.  It  permits 
them  to  graze  with  quiet  natural  freedom,  which  favors  the  most 
efficient  production  of  wool  and  mutton. 

EQUIPMENT  NE0ES8ABY  UNDER  EACH  SYSTEM 

Under  the  old  system  of  returning  to  an  established  camp  each 
night  the  herder  is  usually  supplied  with  two  tents.  One  he  uses 
for  cooking  and  for  storing  supplies;  the  other  he  sleeps  in.  Fre- 
quently, however,  the  cook  tent  is  very  close  to  the  bed-ground,  so 
that  he  may  use  it  if  he  wishes  for  cooking,  storage,  and  sleeping. 
Crenerally  he  is  not  supplied  with  any  means  of  transportation, 
depending  entirely  upon  the  camp-tender  to  do  all  of  the  moving  of 
his  camp  supplies. 

When  the  bedding-out  system  of  one-night  camps  is  used,  the 
herder  must  have  a  horse  or  a  burro  on  which  he  can  lash  his  tent, 
bed,  and  provisions  every  day  for  transportation  to  the  newly 
established  bed-ground.  A  burro  will  carry  the  average  summer- 
weight  bed  all  day  and  never  feel  any  discomfort;  and,  further, 
he  will  graze  as  one  of  the  sheep.  He  is  a  very  hardy  inexpensive 
animal  and  will  graze  almost  any  area  where  sheep  will  feed.  On 
some  ranges  the  herders  carry  their  beds  on  their  backs  to  the  new 
bed-ground.  However,  on  most  ranges  it  will  pay  a  lot  better  to 
use  a  burro. 

The  most  practical  tent  for  the  herder  is  a  tepee.  In  heavy  storms 
it  gives  the  best  protection,  and  when  transported  it  is  very  easily 
taken  down  and  set  up.  It  is  light  in  weight  and  not  at  all  bulky. 
Possibly  the  most  convenient  way  of  carrying  bed  and  tent  is  simply 
to  take  down  the  tepee  in  the  morning,  lash  it  on  the  burro,  turn  him 
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loose  with  the  sheep  and  let  him  graze  along  with  them  until  they 
are  ready  to  bed  down  for  the  night.  A  few  herders  prefer  to  wait 
until  the  sheep  are  almost  ready  to  bed  down ;  then  go  and  get  the 
tepee  from  the  old  bed-ground  and  put  it  up  where  the  sheep  are  to 
bed  that  night. 

TIME  BEQUntED  TO  CHANGE  HEBDEB  8  BED  FBOM  ONE 
BED-OBOUND  TO  ANOTHEB 

The  actual  time  required  to  take  down  a  herder ^s  tent  and  lash  it 
on  the  back  of  the  burro  varies,  but  with  the  experienced  herder  it 
should  not  exceed  much  more  than  ten  minutes.  It  can  be  done  in 
less  time  than  this,  but  for  several  mornings  this  was  the  average 
time  for  one  herder  who  was  not  hurrying.  It  takes  a  little  longer 
to  take  the  tepee  off  the  burro,  spread  it  on  the  ground,  put  it  up, 


Figure  6.  Sheep,  when  returned  to  an  established  camp  night  after 
night,  eat  off  and  destroy  all  forage  in  the  immediate  vicinity  of 
the  bed-ground.  Note  all  that  is  left  is  rocks,  sticks,  and  trails. 
Is  it  any  wonder  that  the  range  is  being  ruined? 

and  make  the  bed.  However,  the  entire  operation  of  changing  the 
bed  from  place  to  place  should  not  take  more  than  thirty  minutes. 
Most  of  the  time  during  the  summer  w^hen  there  is  no  danger  from 
storms  the  tepee  is  never  put  up,  the  herder  merely  using  it  as  a 
protection  to  his  bed. 

TIME  CONSUMED  IN  TBAZLING  TO  AND  FBOM  AN 
ESTABLISHED  CAMP 

Under  the  old  system  of  returning  to  a  permanent  bed-ground 
each  night  the  herder  is  forced  to  trail  his  sheep  rather  long  dis- 
tances, getting  them  to  fresh  feed  each  morning  and  then  back  again 
at  night  to  the  bed-ground.  By  actual  time,  it  took  one  herder  after 
he  had  been  at  one  camp  for  six  days,  one  hour  and  twenty-five 
minutes  to  return  his  sheep  to  the  bed-ground ;  on  the  seventh  day 
it  took  him  one  hour  and  thirty-five  minutes ;  on  the  eighth  day  one 
hour  and  thirty-eight  minutes,  and  on  the  ninth  day  the  camp  was 
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moved.  It  took  him  much  longer  to  get  the  sheep  on  fresh  feed  in 
the  morning  than  to  return  them  to  the  bed-ground  at  night  due  to 
the  fact  that  the  sheep  would  graze  on  areas  over  which  they  had 
been  before  and  consequently  traveled '  much  more  slowly.  How- 
ever, as  soon  as  they  commenced  to  fill  they  trailed  much  faster  and 
would  soon  reach  fresh  feed.  The  above  figures  approximate  the 
average  time  consumed  in  the  daily  trailing  to  and  from  an  estab- 
lished camp  for  a  number  of  nights  in  succession.  The  long  trail 
each  morning  and  night  works  the  greatest  hardship  on  the  sheep 
because  they  are  allowed  to  graze  but  little,  at  a  time  when  they  are 
most  anxious  to  feed ;  and  in  the  evening  the  herder  is  usually  very 
anxious  to  get  back  to  camp  and  cook  his  supper,  and  consequently 
trails  them  in  just  as  rapidly  as  possible  by  whistling,  shouting,  and 
the  use  of  his  dogs. 

For  range  sheep,  more  especially  lambs,  to  make  the  best  gains, 
they  should  be  allowed  to  graze  during  the  cool  evening  and  morn- 
ing hours.  This  is  not  done  when  they  are  forced  to  trail  over  range 
which  has  already  been  grazed,  as  is  always  the  case  when  the 
established  bed-ground  system  is  used.  If  they  are  not  forced  to 
make  the  long  daily  trail  to  and  from  an  established  camp,  the 
general  result  will  be  a  material  increase  in  the  carrying  capacity 
of  the  range  and  a  marked  increase  in  the  growth  of  the  lambs. 

SALTINO 

Too  much  emphasis  cannot  be  placed  upon  the  importance  of 
giving  the  sheep  a  regular  and  liberal  amount  of  salt.  When  the 
sheep  are  returned  each  night  to  an  established  camp  it  is  compara- 
tively easy  to  put  sufficient  salt  at  one  time  on  the  bed-ground  to 
last  them  for  five  or  more  days.  However,  even  under  this  system 
some  herders  do  not  salt  their  sheep  more  often  than  once  a  week, 
which  is  entirely  too  seldom.  The  best  results  are  obtained  when 
the  sheep  are  given  a  little  salt  each  day.  When  the  camp  is  being 
moved  daily  this  is  more  or  less  impracticable.  Notwithstanding, 
they  should  be  salted  every  three  days.  This  will,  in  most  instances, 
keep  their  appetites  normal.  As  soon  as  sheep  become  salt-hungry 
they  become  restless  and  will  eat  many  plants  that  normally  they 
will  not  touch.  A  perverted  taste  is  developed,  and,  of  course,  with 
this  abnormal  taste  many  cases  of  poisoning  take  place  which  could 
be  avoided  had  the  sheep  been  regularly  salted.  The  best  salt  to 
use  is  the  fine  table  salt,  next  to  this  the  crystalline  dairy  salt.  The 
rock  salt  is  very  unsatisfactory,  for  the  reason  that  it  takes  a  sheep 
a  long  time  to  get  an  amount  sufficient  to  satisfy  its  wants.  Further, 
this  salt  is  very  hard  on  the  teeth  of  the  sheep. 

There  are  several  ways  of  distributing  salt  to  sheep  on  the  range. 
One  of  the  most  common  is  to  scatter  the  salt  in  several  small  piles, 
fifty  to  a  hundred  in  number,  on  the  bed-ground,  the  number  of 
piles  depending  on  the  size  of  the  flock.  This  will  give  all  the  sheep 
a  chance  to  get  at  the  salt  without  unnecessary  crowding  and  wiU 
allow  each  sheep  to  get  the  proper  amount.  A  much  less  common 
way  is  to  have  five  or  six  galvanized  tubs  which  will  nest  in  each 
other  (Figure  6).    These  tubs  waste  no  salt,  and  are  light  And  easily 
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transported.  An  excellent  way  of  salting  on  the  range  to  reduce 
the  loss  of  salt  is  by  the  use  of  canvas  troughs  as  shown  in  Figure  7. 
These  are  made  by  sewing  12-  or  14-oz.  canvas  together  to  form  a 
trough  approximately  twelve  feet  long,  at  the  end  of  which  are 
attached  wooden  end-plates.  These  troughs  are  then  stretched  and 
anchored  to  the  ground  by  means  of  stakes  as  shown  in  the  illustra- 
tion, or  by  means  of  a  steel  stake  which  is  attached  to  the  end-pieces 
and  driven  into  the  ground,  making  stationary  the  lower  part  of  the 
trough,  while  the  upper  part  is  made  solid  by  means  of  small  guide 
ropes.  A  considerable  amount  of  salt  taken  to  the  sheep  camps  is 
wasted  on  the  salt  grounds.  After  salt  has  been  transported  long 
distances  by  wagon  and  pack-horse  it  becomes  quite  expensive.  The 
loss  may  be  in  part  or  entirely  avoided  by  the  use  of  simple  devices 
such  as  those  described. 


Figure  6.    These  fsmall  tubs  nest  each  in  another, 
are  easy  to  carry. 


They  save  i^alt  and 


Figure  7.    Portable  canvas  salting  troughs  for  sheep. 

When  sheep  are  given  salt  at  long  irregular  intervals  it  upsets, 
in  a  very  pronounced  manner,  the  digestive  functions,  causing  scour- 
ing. The  best  results  observed  among  several  flocks  were  when  the 
sheep  were  given  one-half  ounce  daily — ^that  is,  three  pounds  to 
every  hundred  sheep.  The  sheep  actually  consumed  this  amount 
daily,  and  these  figures  do  not  take  into  account  any  waste.  If  the 
animals  are  salted  in  such  a  way  that  part  of  the  salt  is  lost,  then  a 
larger  quantity  of  salt  per  head  must  be  supplied.  The  above  figures 
are  very  easy  to  remember  when  estimating  the  actual  amount  of 
salt  which  must  be  consumed  daily  per  head  on  the  range  in  order 
to  keep  the  appetites  normal  and  to  make  the  largest  daily  gain  in 
flesh  from  the  range  forage  consumed.  This  is  the  smallest  amount 
that  they  should  receive  when  grazing  on  the  open  range. 
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COBIPABATIVE  CABBYING  CAPACITT  OF  RANGE  UNDER 
BOTH  SYSTEMS 

Not  only  does  the  carrying  capacity  of  the  range  vary  according 
to  the  different  kinds  of  plants  making  up  the  forage  grazing  types 
and  the  density  of  forage  growing  on  them,  but  it  also  varies  accord- 
ing to  the  manner  in  which  the  sheep  are  handled.  In  order  to 
determine  the  difference  in  the  carrying  capacity  of  the  range  when 
the  sheep  were  handled  under  the  old  system  of  returning  to  a 
permanent  bed-ground  and  when  they  were  allowed  to  bed  down 
wherever  night  overtook  them,  six  sheep  ranges  were  selected  for 
comparative  study  during  the  summers  of  1916  and  1917. 

The  following  table  gives  the  carrying  capacity  of  the  range  for 
each  of  the  areas  under  observation : 

Sheap  Handled  Under  Bedding-Out  System 


Flock         Year         Ewes    j  Lambe*  |    Jj^^ 

Actual 
days  of 
graziDR 

Total 
acreage 
grazed 

Acreage 

utilized 

per day 

persbeep 

Acreage 
utilised 

per  100 
days  per 

sheep 

No.  1 

No.  2 

No.  8 

No.  4 

No.  6 

No.  6 

1916 
1916 
1916 
1917 
1917 
1917 

1.666 
1.881 
1.486 
1.673 
1.883 
2.0U 

1.492 
1.616 
1.273 
988 
1.007 
1.172 

2.402 
2.638 
2.121 
2.067 
2.386 
2.697 

73 
63 
62 
60 
49 
62 

3.413 
2.938 
2.669 
2.410 
1.776 
2.776 

.0196 
.0177 
.0208 
.0194 
.0162 
.0172 

1.96 
1.77 
2.08 
1.94 
1.62 
1.72 

Averasre... 

.0182 

1.82 

*Two  lambe  considered  equivalent  to  one  mature  sheep 

Sheep  Handled  Under  Established  Bed-Oround  System 


«,^.-,        Actual 

Ewes       Lambs*      A,«f«        days  of 

1  »*»««P        graziDR 


I 


1.421  , 

1.683 

1.602 

1.100 

1.080 


2.149 
2.396 
2.486 
2.376 
2.470 
2.422 


65 
67 


62 
66 


Total 
acreage 
grazed 


2.697  ; 
3.916 
3.413  ! 
3.060  I 
4.060 
6.578 


Acreage 
utilized 
per  day 


Acreage 
utilized 
per  100 


^"^^     "SJeT 


.0227  I 

.0244 

.0206 

.0207 

.0262 

.0261 


2.27 
2.44 
2.06 
2.07 
2.52 
2.61 


L     .        :"i 

*Two  lambs  considered  equivalent  to  one  mature  ewe. 


.0233  i 


Prom  the  above  tables  the  ewes  and  lambs  handled  under  the  bed- 
ding-out system  utilized  1.82  acres  per  sheep  per  100  days  grazing 
season  as  compared  to  2.33  acres  per  sheep  per  100  days  when  they 
were  returned  to  an  established  camp  each  night,  a  difference  of 
21.4%  in  favor  of  the  bedding-out  system  in  acres  actually  required 
to  support  a  sheep  for  any  given  length  of  time. 

This  increase  in  carrying  capacity  when  the  two  statements  are 
compared  may  be  accounted  for  by  the  facts  that  (1)  the  sheep  are 
not  forced  to  return  each  night  over  range  already  fully  utilized, 
but  are  allowed  to  pass  over  an  area  only  once  and  thus  the  loss  of 
forage  through  trampling  is  reduced  to  a  minimum ;  (2)  a  given  area 
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of  range  is  not  fully  utilized  at  one  time,  but  is  regrazed  at  a  later 
date,  thus  permitting  the  plants  to  put  forth  fresh  leaves  after  once 
being  cropped,  instead  of  being  completely  eaten  to  the  ground, 
which  materially  impairs  the  vitality  of  the  plants  for  any  future 
growth  during  that  season;  (3)  when  allowed  to  graze  openly  and 
quietly  they  are  spread  out  in  open  formation  and  only  a  few  hoofs, 
at  most,  will  strike  any  given  plant,  which  minimizes  injury  to  the 
plant  from  hoofing;  (4)  less  waste  of  forage  takes  place,  for  sheep 
trail  less  when  choice  feed  is  available;  (5)  there  is  less  packing  of 
the  soil ;  packing  causing  it  to  dry  out  more  rapidly  with  the  con- 
sequent retarding  in  the  growth  of  the  range  plants,  and  (6)  a  more 
uniform  utilization  of  the  area  grazed  takes  place  as  it  eliminates 
overgrazing  and  extremely  close  grazing  in  the  immediate  vicinity 
of  the  established  bed-ground  and  incomplete  utilization  of  more 
distant  areas. 

If  a  certain  area  of  sheep  range  has  a  carrying  capacity  of  5,000 
head  under  the  established  bed-ground  system,  then  with  a  sav- 
ing of  21.4%  of  vegetation  which  actually  takes  place  where  the 
bedding-out  system  is  used,  that  same  range,  under  the  latter  system, 
would  have  a  carrying  capacity  not  of  5,000  head  but  of  6,070.  If 
such  a  conservation  of  forage  could  be  effected  over  all  of  our  public 
domain  range,  it  would  mean  a  tremendous  increase  in  the  carrying 
capacity  of  our  summer  grazing  ranges,  or,  in  other  words,  a  much 
larger  number  of  stock  could  be  ranged  than  at  the  present  time. 
Even  if  no  more  animals  were  run  than  at  the  present  time,  the 
present  depleted  public  domain  ranges  would  have  a  chance  to 
revegetate  by  native  seeding. 

GBAZIKG  UTILIZATION  UNDER  EACH  SYSTEM 
In  order  to  determine  the  degree  of  utilization  of  the  range  when 
the  sheep  were  returned  to  a  fixed  bed-ground  as  compared  with 
the  system  of  being  allowed  to  bed  where  night  overtook  them,  a 
series  of  small  areas  or  quadrates  six  feet  square  were  selected  on 
two  different  ranges  before  the  sheep  began  to  graze  them  and  the 
total  number  of  plants  on  each  of  the  small  areas  listed.  At  the 
close  of  the  grazing  season  the  plants  were  again  recorded  in  order 
to  determine  the  number  removed  or  the  degree  of  utilization  of 
forage  which  had  taken  place  for  each  range.  The  two  areas  selected 
for  this  test  were  open  rolling  country  where  it  was  possible  for  the 
sheep  to  utilize  every  portion  of  the  range  with  ease.  The  main  type 
of  forage  growing  on  these  ranges  was  grasses  and  weeds  having  a 
very  uniform  density  over  all  of  the  area  grazed. 

The  quadrates  on  the  range  where  the  sheep  were  returned  to  a 
fixed  bed-ground  were  laid  out  from  a  central  camp  so  that  a  quad- 
rate was  found  in  the  J-mile,  ^-mile,  J-mile,  1-mile,  l^-mile,  If-mile, 
and  2-mile  zones,  respectively.  At  the,  close  of  the  season  97%  of 
the  plants  had  been  removed  in  the  ^-mile  zone,  95%  in  the  |-mile 
zone,  93%  in  the  }-mile  zone,  68%  in  the  1-mile  zone,  48.4%  in  the 
1  J-mile  zone,  20.5%  in  the  1^-mile  zone,  14.1%  in  the  If -mile  zone. 
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and  in  the  2-mile  zone  no  appreciable  utilization  had  taken  place. 
Thus,  there  was  overgrazing  in  the  immediate  vicinity  of  the  bed- 
ground  and  no  use  made  of  the  range  .two  miles  away. 

On  the  range  where  the  sheep  had  been  allowed  to  select  their 
bed-ground  each  night,  out  of  the  32  quadrates  established  an  aver- 
age of  84.4%  of  the  plants  had  been  removed  from  each  quadrate, 
and  thus  a  very  uniform  utilization  of  the  entire  area  had  taken 
place,  only  15.6%  as  an  average  of  the  forage  being  left  ungrazed. 
On  this  range  no  area  was  completely  grazed  at  one  time,  but  was 
left  to  be  regrazed  at  a  later  date.  As  a  result,  no  injury  was  done 
to  any  part  of  this  range,  while  in  the  case  of  the  range  where  the 
sheep  were  returned  to  a  central  camp  the  range  was  badly  abused 
and  overgrazed  in  the  vicinity  of  the  bed-ground.  Of  course,  the 
percentages  given  will  vary  with  each  different  range  and  even 
with  the  same  range,  depending  on  the  herder  and  the  length  of 
time  the  sheep  are  on  the  range,  the  climatic  conditions  affecting 
the  growth  of  the  forage  plants,  and  the  size  of  the  flock.  However, 
they  do  give  comparative  figures  which  illustrate  admirably  the  fact 
that  the  range  forage  may  be  efficiently  utilized  or  badly  abused 
simply  by  the  manner  in  which  the  sheep  are  handled. 

There  can  be  no  question  that  the  carrying  capacity  of  the  range, 
where  equal  and  uniform  grazing  takes  place,  is  materially  greater 
than  where  certain  portions  are  injured  by  overgrazing  and  other 
portions  scarcely  two  miles  from  the  central  camp  are  not  used  at  all. 

Where  the  sheep  graze  on  a  different  area  each  day,  the  plants 
are  allowed  to  go  to  seed.  Ordinarily  this  would  not  take  place  if 
all  the  forage  had  been  removed  at  one  time  as  it  is  around  a  fixed 
bed-ground.  Thus,  not  only  is  there  a  material  saving  in  forage,  due 
to  the  elimination  of  waste  through  trailing  and  overgrazing,  but 
the  carrying  capacity  of  the  range  may  even  increase  each  year 
because  the  plants  already  found  on  the  range  are  allowed  to  go 
to  seed. 

COMPARATIVE  GAINS  MADE  BY  LAMBS  UNDER  EACH  SYSTEM 
In  order  to  determine  the  effect  of  each  system  upon  the  growth 
of  lambs,  twenty  average  individuals  were  chosen  from  each  flock, 
weighed  at  the  beginning  of  the  grazing  season  and  again  at  the 
close.  The  comparative  gains  made  by  the  various  groups  of  lambs 
are  given  in  the  following  tables : 

OaiiiB  Made  by  Lambs  Under  Bedding-Out  System 


Flock 

Tear 

Actual 
dayR  of 
grazing 

Average  weight  at— 

Gain 
per  head 

Average 

gain  per 

day 

Beginning 

Close 

No.1 

1916 
1916 
1916 
1917 
1917 
1917 

73 
63 
62 
42 
49 
62 

42.3  Iba. 
46.6  Ibe. 
43.8  Iba. 
46.2  Iba. 

47.4  Ibe. 
47.0  lbs. 

70.0  Ibe. 

69.1  Ibe. 
66.0  Iba. 
61.5  Iba. 
64.3  Iba. 
68.7  Iba. 

27.7  lbs. 

23.6  Ibe. 

22.2  Ibe. 

16.3  Iba. 
16.9  Ibe. 

21.7  Iba. 

.380   Ibe. 

No.  2 ^... 

.375   Iba. 

No.8 

.359   Ibe. 

No.4 

.390  Ibe. 

Na6 

.345   Iba. 

No.6 

.350   Iba. 

Artnge 

68.5 

46.2  Ibe. 

66.6  Ibe. 

21.4  Iba. 

.3665  Iba. 

Digitized  by 


Google 


18  

Oains  Made  by  Lambs  Under  Established  Bed-Ground  System 


Flock 


No.1. 
No.  2. 
No.  3. 
No.  4. 

go.  6. 
O.6.. 


Averafre 


Actual  '  A.verage  weight  at- 
Year       days  of 

Krazlng:    Bg^,n„,„g       close 


1916 
1916 
1916 
1917 
1917 
1917 


66 
67 


66 


63.8 


62.0  lbs. 
33.6  lbs. 

38.1  lbs. 

86.2  lbs. 
30.4  lbs. 
36.1  lbs. 


37.6  lbs. 


67.0  lbs. 
63.8  lbs. 
60.4  lbs. 
67.2  lbs. 
61.7  lbs. 
66.6  lbs. 


67.7  lbs. 


Gain 
per  head 


16.0  lbs. 

20.2  lbs. 

22.3  lbs. 
21.0  lbs. 

21.3  lbs. 

21.4  lbs. 


20.2  lbs. 


Averaffe 

gaio  per 

day 


.273  lbs. 
.302  lbs. 
.838  lbs. 
.3401b8. 
.328  lbs. 
.316  lbs. 


.316  lbs. 


From  the  above  tables  the  lambs  grazed  under  the  bedding-out 
system  made  an  average  gain  of  .3665  of  a  pound  per  day  as  com- 
pared to  an  average  gain  of  .316  of  a  pound  when  handled  under 
the  system  of  returning  to  an  established  bed-ground,  or  a  difference 
of  .0505  pounds  per  head  per  day  in  favor  of  the  lambs  grazed  under 
the  bedding-out  system.  This  appears  to  be  a  rather  unimportant 
difference;  yet  when  it  is  applied  to  the  growth  of  a  lamb  for  a 
grazing  season  of  100  days  it  represents  an  increase  in  the  weight 
of  the  lamb  by  5.05  pounds,  as  compared  to  a  lamb  that  is  herded 
under  the  system  of  being  brought  back  to  an  established  camp 
each  night.  For  a  flock  of  1,500  lambs  it  means  a  net  increase  of 
7,575  pounds. 

On  January  1,  1917,  the  statistics  show  that  there  were  1,340,000 
sheep  within  the  State  of  Nevada.  Assuming  that  20%  of  this  num- 
ber are  yearlings,  bucks,  and  immature  animals,  it  leaves  1,072,000 
mature  breeding  ewes.  The  1,072,000  breeding  ewes  should  under 
ordinary  range  conditions  produce  a  crop  of  80%  docked  lambs  or 
857,600  lambs  to  go  onto  the  summer  grazing  ranges.  It  is  highly 
improbable,  but  say  that  one-half  of  these  lambs  are  now  being  run 
under  the  best  methods  of  handling,  so  as  to  produce  the  maximum 
growth  in  the  lamb  during  the  average  summer  grazing  period. 
Now,  if  by  improved  methods  of  handling  the  weight  of  each  lamb 
can  be  increased  for  the  other  one-half  by  5.05  pounds,  as  shown  by 
the  figures  of  the  preceding  tables,  the  total  increased  production 
for  the  State,  over  what  it  is  now  would  be  2,165,440  pounds  of  mut- 
ton for  the  same  amount  of  range  forage  utili^d.  If  the  increased 
production  per  lamb  only  amounted  to  2  pounds,  the  total  increase 
would  be  extremely  important. 

The  increased  money  value  at  14  cents  per  pound  for  a  flock  of 
1,500  lambs  would  amount  to  1,500  times  5.05  pounds  times  .14  or 
$1,060.50.  This  would  represent  just  that  much  more  profit  to  the 
sheep  owner  and  would  go  a  long  way  towards  paying  the  summer 
operating  expenses  of  a  band  of  ewes  and  lambs. 

The  above  increase  in  the  weight  of  lambs  when  handled  under 
the  bedding-out  system  is  primarily  due  to  the  following  factors: 
(1)  The  ewes  are  on  fresh  feed  every  day  with  many  different  kinds 
of  plants  to  select  from,  and,  as  a  consequence,  their  milk  supply  is 
proportionately  higher  than  the  ewes  which  are  forced  to  eat  feed 
which  has  been  already  grazed  over  or  feed  which  requires  one  to 
three  miles  trailing  each  day  in  order  to  utilize  it;  (2)  the  loss  of 
time  and  energy  consumed  in  trailing  from  an  established  camp  is 
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entirely  eliminated;  (3)  the  ewes  and  lambs  are  in  most  instances 
allowed  to  graze  at  all  times  just  as  openly  and  quietly  as  possible, 
giving  them  the  greatest  possible  range  freedom  in  the  selection  of 
their  feed  with  the  least  amount  of  dogging,  trailing,  and  running 
taking  place,  and  (4)  the  ewes  are  allowed  to  choose. range  forage 
conducive  to  the  greatest  milk  supply  and  production  of  wool  and 
mutton. 

MILK  PBODXTOTION  OF  EWES  AS  AFFECTED  BY  TYPE 
OF  RANGE  FORAGE 

The  daily  milk  yield  of  the  ewe  has  a  very  marked  influence  on 
the  growth  of  the  lamb.  When  a  lamb  is  first  starting  out  in  life 
it  takes  from  its  mother  considerable  fat,  which  is  known  on  the 
range  as  "mother  tallow."  It  makes  its  most  rapid  growth  during 
the  early  period  of  its  life,  and  the  growth  of  the  first  month  or  six 
weeks  is  mainly  controlled  by  the  supply  of  milk  produced  by  the 
ewe.  After  this  period  has  passed  the  lamb  gradually  begins  to  eat 
appreciable  amounts  of  forage,  so  that  it  is  not  nearly  so  dependent 
upon  its  mother. 

The  amount  of  milk  produced  by  the  ewe  varies  with  the  different 
breeds,  with  individuals  of  the  same  breed,  the  manner  in  which 
they  are  handled,  and  the  kind  of  forage  they  are  forced  to  graze. 
Ordinarily  sheep  prefer  succulent  weeds  and  will  make  the  greatest 
improvement  on  this  type  of  forage.  A  grass  range  is  used  most 
effectively  when  it  is  grazed  by  cattle.  In  order  to  determine  w^hat 
effect  different  types  of  range  forage  would  have  on  the  production 
of  milk,  two  ewes  and  lambs  of  Rambouillet  breeding  were  selected 
for  study.  The  lambs  were  kept  away  from  the  ewes  except  at 
stated  intervals  when  they  were  allowed  to  suckle  their  mothers. 
The  ewes  were  first  grazed  on  a  range  where  the  feed  was  mainly 
grasses  and  which  was  becoming  coarse  and  more  or  less  dry.  The 
average  milk  production  of  the  ewes  on  this  type  of  range  was  1.6 
pounds  per  day.  Shortly  they  were  moved  to  a  range  which  sup- 
ported succulent  grasses  and  weeds,  and  the  milk  supply  immedi- 
ately advanced  to  2.1  pounds  per  day,  an  increase  of  .5  of  a  pound 
of  milk  over  what  it  formerly  was.  The  gains  in  the  weights  of  the 
lambs  were  not  considered,  for  it  was  necessary  to  keep  the  lambs 
in  camp  while  their  mothers  were  out  on  the  range  grazing,  and  this 
condition  was  so  abnormal  that  they  did  not  do  well.  However,  it 
illustrates  the  importance  of  the  various  grazing  types  for  the  pro- 
duction of  milk  which  in  turn  controls  to  a  large  degree  the  steady 
and  fast  growth  of  the  lamb. 

Thus,  from  the  above  it  is  clearly  apparent  that  the  continued 
rapid  growth  of  lambs  requires  a  range  supporting  an  abundance 
of  succulent  forage.  Camp-tenders  and  sheep-herders  should  there- 
fore utilize  their  range  and  select  their  grazing  camps  so  that  the 
early  range  will  be  used  first,  keeping  the  higher  camps  and  the 
areas  along  streams  for  use  during  the  hot  weather  of  July  and 
August.  Too  often  range  which  should  be  used  later  on  in  the  sea- 
son is  grazed  off  early ;  and  during  the  hottest  period  of  the  summer 
the  sheep  are  forced  to  eat  dry  feed,  oftentimes  going  without  any 
shade.  As  a  result,  the  milk  supply  of  the  ewe  is  materially  dimin- 
ished and  the  lambs  do  not  make  the  growth  that  would  have  been 
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made  if  their  mothers  had  been  given  the  opportunity  to  shade  up 
during  the  hot  part  of  the  day  and  had  been  allowed  to  feed  upon 
the  late-maturing  succulent  range  forage  at  the  proper  time.  The 
use  of  the  range  forage  so  that  shade  can  be  produced  for  the  ewes 
and  lambs  during  the  hottest  part  of  the  grazing  season^  with  green 
succulent  feed  near  water,  is  not  given  the  attention  it  should  receive 
in  the  management  of  sheep  on  Nevada's  ranges. 

EFFECT  OF  TSATLING  ON  aBOWTH  OF  LAMB 

The  effect  of  trailing  long  distances  in  order  to  get  to  and  from 
fresh  feed  is  well  illustrated  by  the  following  case :  A  camp-tender 
had  failed  to  move  the  herder's  camp  for  eleven  days  and  the  range 
was  badly  overgrazed  in  the  immediate  vicinity  of  the  camp,  so  that 
the  ewes  and  lambs  were  forced  to  trail  approximately  1^  to  2^  miles 
to  get  to  fresh  feed.  During  this  period  of  long  trailing  to  get  to 
fresh  feed  three  lambs  were  weighed  in  order  to  determine  just 
what  gains  they  were  iliaking  when  being  forced  to  trail  so  far  each 
day.  The  three  lambs  weighed  49,  55f ,  and  56^  pounds,  respectively. 
Each  morning  for  four  days  they  were  weighed,  and  it  was  found 
that  their  average  increase  was  .25  of  a  pound  per  day.  With  their 
tnothers  and  the  other  animals  in  the  flock  they  were  moved  and  put 
on  fresh  green  feed  and  the  long  trails  eliminated. 

They  commenced  to  gain  flesh  immediately.  Four  days  after  the 
change  of  feed  the  three  lambs  had  made  an  average  daily  gain  of 
.32  of  a  pound,  an  increase  of  .07  of  a  pound  per  day  over  what  they 
were  making  when  compelled  to  make  the  long  daily  trail.  This 
material  increase  in  daily  growth  was  caused  by  the  change  in  the 
character  and  abundance  and  nearness  of  the  feed.  The  long  daily 
trails  to  fresh  feed  and  back  had  prevented  the  ewes  from  giving 
the  necessary  amount  of  milk  for  the  continued  rapid  growth  of  the 
lamb  and  had  kept  both  ewes  and  lambs  down  in  flesh;  this  was 
shown  by  the  condition  and  appearance  of  their  bodies.  If  this 
practise  of  maintaining  a  central  camp  from  which  and  to  which 
the  ewes  and  lambs  were  forced  to  trail  each  day  had  been  continued 
for  a  grazing  season  of  100  days,  it  would  have  meant  the  production 
of  a  lamb  weighing  on  the  average  7  pounds  less  than  a  lamb  which 
had  been  allowed  to  bed  down  with  its  mother  wherever  they  were 
on  the  range  at  night.  Seven  pounds  each  in  the  average  flock  of 
1,500  lambs  means  10,500  pounds  of  flesh  and  wool.  This  item  is 
certainly  worth  considering,  more  especially  when  it  is  multiplied 
by  the  hundreds  of  thousands  of  lambs  produced  annually  on  Nevada 
ranges. 
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RANGE  PLANTS  POISONOUS  TO  SHEEP  AND  CATTLE 

IN  NEVADA 


INTBODXTCTION  » 

In  Nevada  each  grazing  season  brings  the  news  that  large  numbers 
of  live  stock  have  been  poisoned  on  the  sheep  and  cattle  ranges.  This 
is  due  largely  to  ignorance  on  the  part  of  the  men  actually  handling 
the  stock,  since  they  fail  to  recognize  our  common  poisonous  plants.  In 
ver\'  many  instances  the  plant  causing  the  loss  was  thought  by  the 
herder  to  be  entirely  harmless.  It  is  hoped  that  the  facts  presented  in 
this  bulletin,  with  the  illustrations,  will  help  to  meet  this  need  of 
definite  information  about  deadly  range  plants. 

Most  of  the  information  presented  in  this  publication  was  obtained 
from  the  following  sources:  (1)  Feeding  tests  by  Dr.  Edward  Records 
and  Dr.  Stephen  Lockett,  of  the  Department  of  Veterinary  Science, 
University  of  Nevada,  gave  information  about  the  symptoms  shown  by 
animals  poisoned  by  eating  lupine,  rabbit  brush,  goldenrod,  and  other 
plants.  (2)  Chemical  studies  by  Dr.  C.  A.  Jacobson,  of  the  University 
of  Nevada,  gave  information  about  the  nature  of  the  poisonous  matter 
contained  in  certain  range  plants  and  the  part  of  the  plant  which  is 
most  poisonous.  (3)  Field  observations  made  by  the  writer  on  ranges  in 
Nevada  and  other  Western  States  gave  much  information  upon  the 
growth  and  appearance  ol  poisonous  range  plants  and  their  importance 
to  our  livestock  industry. 

Because  a  large  percentage  of  our  sheep  herders  are  foreigners  who 
read  no  English,  a  part  of  this  bulletin  has  been  translated  into 
Spanish.  It  is  the  sole  purpose  of  this  publication  to  give  Nevada 
stockmen  and  herders  practical  information,  in  simple  language,  about 
the  poisonous  plants  which  are  responsible  for  the  greater  part  of  our 
hvestock  losses,  and  to  suggest  methods  of  handling  by  which  these 
losses  may  be  reduced. 

PRINCIPAL  POISONOUS  PLANTS  OF  NEVADA 
Within  the  State  of  Nevada  seven  groups  of  plants  cause  most  of 
the  losses  of  live  stock.  They  are:  Death  Camas,  Larkspurs,  Water 
Hemlock,  Babbit  Brush,  Lupines,  Western  Goldenrod,  and  the  Locos. 
Those  of  less  importance  are:  False  Hellebore,  Wild  Cherry,  and 
Aconite.  Some  of  the  groups  contain  several  kinds  or  species,  but, 
as  their  general  appearance  and  poisonous  properties  are  much  the 
same,  it  is  not  important  to  distinguish  them  on  the  range. 

Any  of  the  first  seven  may  fairly  be  called  poisonous  plants ;  that  is, 
plants  which  cause  serious  illness  or  death,  either  immediately,  or  else 
after  a  time  because  of  the  cumulative  action  of  the  poison  contained  in 
the  plant. 
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LARKSPURS 

(Delphinium  Spp.) 
Description  of  the  Plant. 

There  are  two  kinds  of  larkspur  on  the  Nevada  ranges;  they  are 
called  tall  larkspur  and  small  larkspur,  the  latter  being  sometimes 
known  as  purple  larkspur. 

The  tall  larkspurs  are  erect  branching  plants  from  two  to  six  feet 
high.  The  roots  are  large  and  deep  set,  more  or  less  woody,  support- 
ing one  or  more  crowns  from  which  the  stems  are  produced.  A  leaf 
is  shown  in  Figure  1 ;  all  the  divisions  or  main  ril^  spread  out  from 
the  end  of  the  leaf  stem  like  a  hand  with  outstretched  fingers.  The 
flowers  of  the  poisonous  larkspurs  are  of  various  tints  of  blue  or  pur- 
ple, and  have  a  very  characteristic  shape,  due  to  the  development  of  a 
spur-like  structure  on  the  upper  sepal  as  shown  in  Figure  2. 


Figure  1.    Left-hand  leaf,  larkspur;   Center,  geranium;   Bight-hand 
leaf,  monkshood. 

The  small  larkspurs  have  single  stems  or  at  the  most  only  a  few.  On 
the  Nevada  ranges  they  grow  from  9  to  12  inches  tall.  The  typical 
small  larkspur  is  show  in  Plate  I. 

Distribution  and  Habitat. 

Larkspurs  are  found  on  practically  every  range  for  cattle  and  sheep 
in  the  northern  half  of  Nevada.  Due  to  the  extreme  dryness  in  the 
southern  half,  the  larkspurs  are  scarce,  and  do  not  cause  serious  losses. 

The  tall  larkspurs  grow  in  well-drained,  moist,  loamy  areas  along  the 
creek  bottoms,  in  the  mountain  parks,  or  in  the  clumps  and  groves  of 
quaking  aspen  which  are  so  common  on  the  most  valuable  range  in  the 
eastern  part  of  the  State.  They  grow  at  altitudes  ranging  from  4,000 
to  11,000  feet. 

The  small  larkspur  grows  on  range  varying  between  3,000  and  7,000 
feet  in  altitude,  where  the  soil  is  well  drained,  not  excessively  moist, 
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Plate  I.     LARKSPUR.    (ConsoHda  real.) 
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and  usually  in  full  sunlight.  ,  Thus  our  mountain  foothills  and  the 
bordering  sagebrush  range  form  the  typical  country  of  the  small 
larkspur.  It  does  grow,  however,  to  as  high  an  elevation  as  the  tall 
larkspur  and  is  often  a  typical  plant  of  the  weed  and  park  areas  of 
the  lugher  elevations.  However,  it  is  not  much  of  a  menace  on  the 
higher  elevations  because  it  is  not  abundant  in  the  whole  mass  of 
psdatable  vegetation,  and  there  is  little  chance  that  an  animal  will  eat 
a  fatal  quantity. 

Otber  Plants  Which  Are  Oonmionly  Mistaken  for  Larkspur. 

The  two  plants  with  which  the  larkspurs  are  most  commonly  con- 
fused are  the  wild  pink  geranium  and  the  aconite.  When  the  pink  gera- 
nium is  commencing  its  spring  growth  it  resembles  the  tall  larkspur 
very  closely.  However,  on  the  lowest  part  of  the  stem  of  the  leaf  of  the 
geranium  there  are  the  two  small  pointed  appendages  which  are  shown  on 
the  center  leaf  in  Figure  1 ;  and  these  are  not  present  on  the  leaf  stem  of 


Figure  2.    Left  hand,  flower  of  larkspur;   right  hand,  flower  of  monkshood. 


the  larkspur.  Further,  upon  squeezing  the  geranium  leaf  it  usually  pro- 
duces the  typical  geranium  odor  which,  of  course,  is  not  present  in  the 
larkspur  leaf.  The  geranium  leaf  is  usually  covered  with  a  growth  of 
small  fine  grayish  hairs,  while  the  leaves  of  the  larkspur  are  usually 
covered  with  a  white  surface  coating  easily  rubbed  oflf,  much  like  that 
on  plums  and  grapes. 

The  aconite,  or  monkshood  as  it  is  sometimes  called,  differs  from 
the  tall  larkspur  in  that  the  upper  leaves  of  the  aconite  plant  are  much 
more  numerous  and  the  leaves  have  very  short  stems  as  shown  on  the 
right-hand  leaf  in  Figure  1.  Instead  of  the  flowers  being  spurred  as  in 
the  larkspur,  they  are  hooded  as  shown  in  the  right-hand  flower  of 
Figure  2 ;  this  gives  it  the  common  name  of  monkshood. 

Seuonal  Growth. 

No  dates  can  be  set  for  the  time  in  the  spring  when  the  larkspur 
begins  to  grow.  The  tall  larkspur  on  the  lower  elevations  usually  com- 
mences to  grow  during  the  latter  part  of  April  and,  if  the  moisture 
conditions  are  right,  it  will  last  until  late  in  August  or  early  in  Sep- 
tember.   For  every  increase  in  elevation  of  1,000  feet  the  growth  of 
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the  larkspur  plant  is  retarded  by  from  ten  days  to  two  weeks.  Thus, 
a  kind  of  larkspur  which  might  be  in  bloom  on  a  5,000-ft.  range  on 
July  15  would  not  be  in  bloom  on  a  6,000-ft.  range  much  before 
August  1. . 

In  a  dry  hot  season,  in  Nevada,  the  larkspurs  will  start  growth,  bios- 


Figure  3.    Oeranium.    This  plant  is  commonly  confused  with  the  tall  larkspur 

during  early  spring. 

som,  and  ripen  their  seeds  mucli  earliiT  than  if  the  season  were  wet 
and  cold  ;  evidently  climatic  conditions  have  a  very  important  influence 
upon  th(»  length  of  the  time  when  larkspurs  are  capable  of  causing  loss 
on  the  range. 
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On  an  average  the  small  larkspur  comes  into  bloom  from  six  weeks 
to  two  months  earlier  than  the  tall  larkspur.  The  small  larkspurs  are 
essentially  early  blooming  and  early  maturing  plants.  They  soon  die 
to  the  ground  after  producing  flowers  and  seeds,  and  cease  to  be  dan- 
gerous late  in  the  spring. 

AnlTnalB  Wlilch  Are  Poisoned. 

Sheep,  Prom  all  field  observations  and  feeding  tests  it  can  be  safely 
stated  that  the  larkspurs  have  no  ill  effects  on  sheep.  On  the  other 
hand,  they  are  more  or  less  palatable,  depending  upon  the  variety  and 
abundance  of  other  species  with  which  they  are  found  growing. 

Horses,  Under  ordinary  range  conditions  horses  do  not  relish  lark- 
spurs and  they  seldom  eat  enough  at  any  one  time  to  cause  serious 
trouble. 

Cattle,  The  larkspur  in  Nevada  probably  causes  more  loss  among 
cattle  than  aU  other  poisonous  plants.  Each  year  on  most  of  our  cattle 
ranges  a  large  number  of  animals  are  fatally  poisoned  by  larkspur. 

Amonnt  Keceesary  to  Cause  Death. 

The  amount  of  larkspur  necessary  to  cause  death  varies  with  the  age 
of  the  plant,  the  condition  of  the  animal,  and  the  individuality  of  the 
animal. 

The  larkspurs  are  most  poisonous  during  early  growth.  During 
April,  May,  and  June  it  takes  much  less  of  the  plant  to  cause  death 
than  it  does  later  when  the  plant  is  older.  The  tall  larkspur  is  not 
poisonous  after  it  has  blossomed,  and  it  may  be  reasonably  safe  to 
graze  cattle  on  a  range  where  this  larkspur  grows  if  the  animals  are 
turned  on  after  most  of  the  plants  are  through  blooming.  The  seeds  of 
the  tall  larkspur  are  its  most  poisonous  part.  However,  cattle  very 
seldom  eat  the  seeds. 

The  small  larkspur  is  poisonous  through  all  of  its  growth;  but 
immediately  after  blooming  it  dries  up  and  disappears  from  the  range, 
80  that  it  is  not  dangerous  after  late  spring. 

Feeding  experiments  have  shown  that  a  steer  must  eat  an  amount  of 
larkspur  equal  to  from  2^4%  to  3%  of  its  body  weight  in  order  to  be 
fataUy  poisoned.  An  animal  weighing  800  pounds  would  have  to  eat 
approximately  25  pounds  of  either  the  tall  or  the  small  larkspur.  Evi- 
dentally  the  larkspurs  are  not  violently  poisonous,  for  to  cause  death 
a  surprisingly  large  amount  of  the  plant  must  be  eaten. 

Synqitoiiis. 

Sheep  are  never  poisoned  by  larkspur  and  horses  very  rarely.  Cattle 
poisoned  by  larkspur  show  the  following  symptoms : 

On  the  range  usually  the  falling  of  the  animal  is  the  first  symptom 
which  indicates  that  it  has  been  feeding  on  the  larkspur.  However, 
most  animals  after  going  down  the  first  time  get  up  again  and  walk 
with  the  hind  legs  spread  quite  widely  apart  with  a  more  or  less  stagger- 
bg  movement.  There  is  little  or  no  action  in  the  joints  of  the  legs,  the 
walking  movements  being  extremely  stiff. 

When  the  animal  falls  it  goes  down  in  a  typical  manner;  usually 
the  front  legs  give  out  first  and  the  animal  then  supports  itself  from 
^oing  clear  over  by  resting  the  chin  or  the  side  of  the  head  on  the 
ground.  In  this  position  the  hind  legs  are  usually  spread  quite  far 
apart.    In  severe  cases  the  animal  lies  flat  on  the  ground,  raising  the 


Digitized  by 


Google 


head  up  and  down ;  in  less  acute  cases  it  will  lie  with  the  head  erect 
When  standing  there  is  a  pronounced  quivering  or  muscular  trembling 
over  the  entire  body,  especially  noticeable  in  the  muscles  around  the 
nose  and  mouth.  The  spasmodic  contractions  of  the  muscles  are  also 
very  clearly  seen  around  the  shoulders,  hips,  and  flanks.  There  is 
frequently  a  belching  of  gas  and  an  attempt  on  the  part  of  the  animal 
to  vomit.  There  is  usually  considerable  drooling  or  "slobbering.'' 
Constipation  is  almost  invariably  present. 

Treatment. 

A  large  percentage  of  the  animals  poisoned  by  larkspur  on  the  range 
are  already  dead  before  they  are  discovered.  Most  of  the  animus 
which  may  be  treated  or  cared  for  are  the  ones  which  are  poisoned 
when  being  trailed  from  one  range  to  another,  or  during  the  driving 
operations  of  a  round-up. 

After  an  animal  goes  down  it  should  not  be  disturbed  at  all.  If  it 
has  fallen  on  uneven  ground  the  head  should  be  placed  higher  than  the 
body,  to  allow  it  to  breath  more  easily.  The  rough-and-ready  method 
of  treating  the  animal  by  bleeding  should  be  abandoned ;  for  all  experi- 
ence on  the  range  shows  that  bleeding  only  produces  weakness  and 
makes  recovery  less  probable.  If  a  steer  tries  to  vomit  we  may  usually 
safely  conclude  that  it  has  eaten  a  fatal  dose  of  larkspur  and  that 
nothing  can  be  done  to  save  it.  However,  the  chances  for  recovery  in 
most  cases  are  good  if  the  animal  is  allowed  to  remain  just  as  quiet  as 
possible  and  is  given  the  following  treatment,  which  was  developed  by 
Dr.  C.  Dwight  .Marsh,  of  the  Bureau  of  Plant  Industry,  United  States 
Department  of  Agriculture,  who  reports  very  satisfactory  results  from 
its  use: 

Physostigmin  salicylate 1  gr. 

Pilo(?arpin  hydrochlorid 2  gr. 

Strychnine  sulphate ^  gr. 

If  losses  are  taking  place  each  cowboy  should  be  supplied  with  this 
remedy  made  up  in  tablet  form.  It  can  be  secured  from  any  druggist. 
The  treatment  is  administered  in  the  same  way  as  though  the  animal 
were  being  vaccinated  for  blackleg.  A  four-dram  hypodermic  syringe 
should  be  provided  for  this  operation.  The  tablet  must  be  all  diraolved 
and  administered  as  a  single  dose.  The  dose  should  not  be  repeated. 
If  possible,  a  bottle  of  boiled  water  in  which  to  dissolve  the  tablets 
should  be  carried  in  the  saddle  bag.  If  it  is  not  convenient  to  use  boiled 
water,  then  use  any  clean  clear  water  available.  The  essential  thing  is 
to  get  the  tablet  dissolved  in  clean  water  and  injected  under  the  skin  of 
the  animal. 

Methods  of  Handling  to  Reduce  Losses  from  Larkspur. 

On  many  ranges  the  tall  larkspur  grows  in  small  patches ;  it  is  these 
small  patches  that  cause  a  high  percentage  of  our  losses.  Where  the 
larkspur  is  found  growing  on  such  well-defined  areas,  a  practical 
method  of  preventing  loss  is  by  grubbing  it  out.  The  cost  of  grubbing 
will  depend  on:  (1)  The  average  wages  of  the  men  employed;  (2)  the 
cost  of  transporting  men  to  the  infested  area;  (3)  the  abundance  of 
the  plants  and  their  distribution;  (4)  the  nature  of  the  soil,  whether 
loamy,  gravelly,  or  rocky;  and  (5)  the  type  of  vegetation  the  larkspur 
is  associated  with,  whether  weeds,  creek  brush,  sidehill  brush,  qua^g 
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aspen  areas,  etc.  On  the  most  difficult  areas  the  cost  of  grubbing  should 
not  exceed  $12  to  $15  pep  acre,  and  the  average  cost  should  be  approxi- 
mately $5  to  $8.  Where  grubbing  can  be  done,  it  is  much  cheaper  in 
the  end  than  ^ncing  or  establishing  drift  fences  because  (1)  there  will 
be  no  waste  of  forage  through  nonuse;  (2)  the  first  cost  of  fencing 
will  exceed  the  cost  of  grubbing;  (3)  the  yearly  cost  of  fencie  repair  is 
eliminated ;  and  (4)  the  rebuilding  of  the  old  fence  when  it  is  worn  out 
is  obviated. 

The  grubbing  should  be  done  so  thoroughly  that  no  plants  are 
allowed  to  remain  to  reinfest  the  area  worked.  The  larkspur  should 
be  cut  off  at  least  6  inches  below  the  surface  of  the  ground,  and  the 
deeper  the  cutting  the  more  effective  will  be  the  work.  Not  only  the  main 
roots  but  also  all  well-developed  side  roots  should  be  taken  out  of  the 
soil  because  if  left  in  the  ground  they  will  produce  new  growth.  A  sec- 
ond grubbing  the  next  year  will  be  necessary,  but  the  expense  will  be 
very  light,  and  practically  speaking  all  the  plants  will  then  have  been 
eliminated  from  the  range. 

On  certain  ranges  it  is  practical  to  first  graze  larkspur-infested 
areas  with  sheep.  However,  the  sheep  should  be  confined  as  closely  as 
possible  to  the  larkspur  patches  because  it  they  graze  the  rest  of  the 
range  there  will  not  be  mu6h  feed  left  for  cattle.  The  cattle  will  then 
be  forced  to  eat  what  they  can  find  and  they  will  graze  all  the  lark- 
spur patches  again.  The  .object  of  first  grazing  a  larkspur-infested 
area  with  sheep  is  to  remove  the  tempting  larkspur  plants  and  to  give 
the  other  range  plants  a  chance  to  grow.  Also,  when  the  larkspur  is 
eaten  off  short  before  it  is  very  large  it  is  set  back  severely  and  will 
not  make  much  growth  that  season.  There  is  little  or  no  use  in  trying 
to  eliminate  losses  from  larkspur  from  a  range  by  grazing  with  sheep, 
unless  it  is  done  early  in  the  spring.  If  it  is  not  done  at  this  time,  the 
tall  larkspur  will  grow  to  such  a  height  that  the  sheep  will  only  remove 
the  lower  part,  and  the  plant  will  still  be  tempting  to  cattle;  and, 
even  though  all  the  lower  leaves  are  stripped  off  by  the  sheep,  the  upper 
leaves,  flowers,  and,  seeds  will  still  be  produced. 

Because  it  takes  so  much  larkspur  to  kill  an  animal,  the  chance  of 
fatal  poisoning  will  be  greatly  reduced  if  the  larkspur  patches  are 
first  grubbed  out  or  grazedj. 

On  all  ranges  there  should  be  plenty  of  salt  where  the  cattle  can  get 
it  aU  the  time.  When  larkspur  is  growing  on  the  range,  the  salting 
grounds  should  be  placed  where  they  will  be  away  from  the  larkspur 
patches.  This  will  help  to  keep  the  animals  from  bunching  and  feed- 
ing where  the  larkspur  plant  is  abimdant.  The  salting  grounds  should 
be  continuously  changed,  so  that  no  part  of  the  range  will  be  badly 
overgrazed.  After  the  larkspurs  have  blossomed  the  infested  areas  may 
be  grazed  with  a  minimum  chance  of  loss  taking  place. 

'file  choice  of  range  plants  is  greatly  influenced  by  the  hunger  of  the 
animals.  When  the  stomach  is  empty  and  the  animals  are  very 
hungry  they  will  eat  many  plants  that  they  ordinarily  would  not 
touch.  On  a  list  of  plants  pleasing  to  the  taste  of  cattle,  the  lark- 
spur will  not  be  among  the  first  if  there  is  much  variety  of  forage  pres- 
ent. When  eaten  in  small  quantities  the  larkspur  causes  no  real  ill 
effect,  but  if  eaten  in  large  quantities  by  hungry  cattle  some  of  them 
will  undoubtedly  get  enough  to  cause  death.  Therefore,  it  should  be 
a  general  practise  never  to  drive  stock  over  larkspur  country  while 
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their  stomachs  are  empty.  At  all  times  cattle  should  have  the  greatest 
possible  chance  to  select  the  plants  they  like.  This  means  that  fast 
trailing  and  hazing  from  one  range  to  another  must  be  cut  out  if  lasses 
from  poisonous  plants  are  to  be  kept  down. 

Herding  Cattle  Away  from  Larkspur  Patches. 

It  is  more  or  less  impractical  to  herd  cattle  away  during  the  entire 
grazing  season  from  a  larkspur  range,  but  extreme  care  should  be  taken 
for  the  first  two  or  three  weeks  that  the  animals  are  on  the  range ;  for 
during  this  period  they  are  frequently  in  very  poor  condition,  some 
even  "skin  poor."  In  this  state  they  will  eat  any  and  all  plants,  includ- 
ing poisonous  kinds,  a  good  many  of  which  they  will  not  touch  later, 
when  they  have  mended  or  increased  in  flesh  and  their  ravenous 
hunger  has  been  satisfied.  It  should  always  be  remembered  that  a  poor, 
weak,  hungry  animal  will  eat  many  plants  that  it  will  not  touch  when 
well  fed  and  in  good  condition. 


Figure  4.  Death  Camas 
bulb,  showing  thin,  pa- 
pery, brown  coats. 


Figure  5.  Death  Camas, 
showing  typical  man- 
ner of  growth  on  the 
range. 


DEATH  CAMAS 

{Zygadenus  Spp.) 

Death  camas  is  the  name  by  wliich  this  plant  is  known  in  most  places 
on  the  range,  although  it  is  sometimes  called  mystery  grass,  poison 
wild  onion,  poisonous  sego,  poison  camas,  and  lobelia.  Death  camas, 
however,  is  the  recognized  common  name  and  is  the  one  which  should 
be  used. 

There  are  several  forms  of  death  camas  in  Nevada ;  but  they  are  all 
so  nearly  alike  both  in  appearance  and  their  effect  upon  range  animals 
that  one  description  of  the  general  form  of  the  death  camas  is  con- 
sidered sufficient. 
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Deicxiption  of  tlie  PUnt. 

The  death  camas  is  an  erect  plant  producing  from  five  to  seven  fully 
formed  grass-like  leaves.  It  grows  from  a  layered  bulb  set  from  2i^ 
to  6  inches  deep  in  the  soil.  The  bulb  is  from  14  to  1^4  inches  thick 
and  is  covered  with  thin  papery  brown  coats  as  shown  in  Figure  4. 
The  leaves  are  from  6  to  18  inches  long  by  a  little  less  than  i/o  inch 
wide  and  are  grass-like  in  appearance  with  a  projecting  ridge  like  the 
keel  of  a  boat  on  the  under  side.  They  are  much  more  succulent  or 
juicy  and  thicker  than  the  common  grass  leaves.  There  is  no  well- 
defined  stem,  the  leaves  appearing  to  rise  from  near  the  surface  of 
the  ground.  The  flowers  are  greenish-yellow  or  whitish,  about  Vi  ii^ch 
across,  and  are  produced  in  a  flower  cluster  from  three  to  ten  inches 
long.  The  lower  flowers  ripen  first  and  produce  seed  on  the  lower 
ranges  during  the  latter  part  of  May  and  the  first  part  of  June.  The 
seeds  which  are  formed  do  not  grow  until  the  next  spring,  when  they  pro- 
duce a  leafy  grass-like  plant  which,  however,  has  no  bulb  at  first,  but 
develops  one  later  in  the  season.  The  second  year  this  leafy  grass-like 
plant  sends  up  the  typical  death  camas  leaves  and  flower  stock  as  shown 
in  Plate  II. 

Distrilmtion  and  H&bitat. 

This  plant  is  to  be  found  on  practically  every  stock  range  in  Nevada. 
It  is  more  abundant  in  the  northern  part  of  the  State  than  in  the 
southern  half.  The  areas  upon  which  it  grows  are  invariably  moist, 
during  the  spring,  and  the  typical  grazing  types  in  which  it  grows  are : 
(1)  sagebrush,  (2)  grass,  (3)  semi  meadow  areas,  and  (4)  typical  weed 
range  where  the  vegetation  consists  largely  of  showy  flowering  plants. 
It  does  not  grow  in  the  shade  under  standing  timber.  It  is  found  on 
practically  all  of  the  mountain  foothills,  the  high  open  mountain  park 
areas  and  in  the  sagebrush  country  of  northern  and  western  Nevada. 

The  time  when  death  camas  starts  to  grow  in  the  spring  varies  with 
the  season  and  also  with  different  exposures  and  different  soils.  It  is 
sometimes  found  as  early  as  the  middle  of  March.  The  plant  makes  its 
appearance  first  on  sandy  soils  and  on  southern  exposures.  On  the 
dark,  loamy  and  clay  soils  its  growth  is  much  retarded,  probably  because 
these  soils  are  moist  and  consequently  they  warm  up  less  readily.  If 
the  weather  is  fairly  warm  the  death  camas  commences  to  grow  from 
ten  days  to  two  weeks  after  the  snow  melts  out  in  the  spring  and  it  is 
soon  high  enough  to  cause  loss.  On  the  lower  ranges  by  the  latter  part 
of  June  it  has  usually  died  down. 

Plants  Commonly  Mistaken  for  Death  Oanuui. 

The  death  camas  is  most  commonly  confused  with  the  wild  onion. 
The  bulb  and  leaves  of  the  death  camas,  however,  have  no  such  smell 
as  the  onion.  All  the  flowers  of  the  wild  onion  grow  out  from  one 
point  at  the  tip  of  the  stem,  as  in  Figure  6,  while  the  flowers  of  the  death 
camas  grow  along  the  sides  of  the  stem,  as  shown  in  Figure  6. 

Animals  Wlilch  Are  Poisoned. 

This  plant  is  poisonous  to  all  classes  of  stock,  but  more  especially 
to  sheep.  Horses  very  seldom  die  as  a  result  of  eating  it,  thoucrh  cattle 
are  sometimes  lost  in  the  spring  when  they  are  turned  out  in  very  poor 
condition,  or  when  they  are  being  driven  over  badly  infested  areas. 
While  being  trailed  they  are  usually  extremely  hun<?ry  and  will  nip 
and  bite  at  all  plants  whether  good  or  bad. 
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Losses  of  live  stock  from  this  plant  are  heaviest  on  a  range  that  has 
been  overgrazed.  On  such  a  range  the  death  camas  usually  starts 
much  earlier  than  the  other  plants  because  it  has  not  been  set  back 
by  the  heavy  grazing  and  consequently  it  has  a  greater  amount  of 
reserve  food  material  with  which  to  start  plant  growth.  Further,  the 
highly  palatable  and  nutritious  plants  have  all  been  removed,  leaving 
only  the  undesirable  and  poisonous  kinds.  Consequently  the  proba- 
bility of  poisoning  on  such  a  range  is  greatly  increased. 

Parts  of  the  Plant  WUch  Are  Poisonous. 

All  parts  of  the  plant  are  poisonous.  Ordinarily  the  part  eaten  is 
the  leaves,  which  are  equally  as  poisonous  as  the  bulb.    The  seeds  are 


Figure  6.    Death  Oamas  on  the  left,  and  wUd  onion  on  the  right. 


also  poisonous,  but  are  Very  seldom  eaten.    The  entire  plant  is  poison- 
ous throughout  its  period  of  growth. 

Amount  of  Death  Oamas  Necessary  to  Oause  Death. 

The  amount  of  the  death  camas  which  must  be  eaten  in  order  to 
cause  fatal  results  depends  upon  (1)  the  individuality  of  the  animal; 
(2)  the  weight  of  the  animal,  and  (3)  the  condition  of  the  stomach 
when  the  plant  is  eaten.  A  ravenously  hungry  animal  is  poisoned 
much  more  easily  than  one  with  a  full  or  partly  filled  stomach.  On  the 
range  a  mature  ewe  weighing  approximately  100  pounds  must  eat  from 
1^  to  5  pounds  of  the  plant  to  cause  fatal  poisoning.  For  lambs  it 
takes  a  correspondingly  less  amount. 
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SsnuptoniB. 

When  sheep  on  the  range  are  poisoned  by  death  camas  the  first 
symptom  noted  is  that  some  of  the  sheep  begin  to  straggle  along  with  a 
decided  indisposition  not  to  graze  with  the  other  animals  in  the  band. 
The  head  is  dropped,  and  with  most  animals  salivation  or  slobbering 
at  the  mouth  takes  place,  accompanied  by  vomiting  in  the  case  of  those 
badly  poisoned,  although  many  animals  that  have  eaten  a  fatal  dose 
do  not  salivate  as  freely  as  some  which  have  eaten  only  sufficient  to 
make  them  sick.  The  manner  of  walking  is  very  irregular,  both  the 
fore  and  hind  legs  being  affected,  more  especially  the  hind  legs.  When 
the  animal  falls  it  goes  down  head  first,  oftentimes  resting  for  a  short 
period  on  its  knees.  After  the  animal  is  down  and  cannot  get  up,  the 
majority  of  them  go  off  into  a  state  of  profound  insensibility  resem- 
bling very  deep  sleep,  from  which  they  cannot  be  aroused,  and  in  this 
condition  they  die. 

On  a  range  in  eastern  Nevada,  where  practically  the  only  vegetation 
was  sagebrush  and  death  camas,  five  steers  were  poisoned  by  death 
camas,  and  the  symptoms  were  practically  the  same  as  those  just  given 
for  sheep.  However,  cattle  are  very  seldom  poisoned  by  eating  this 
plant  because  (1)  it  is  not  highly  palatable  and  (2)  it  does  not  usually 
occur  in  a  sufficient  abundance  so  that  the  animals  will  be  able  to  get 
a  fatal  dose. 

Remedies. 

There  are  no  recognized  remedies  at  the  present  time.  The  best 
treatment  known  is  to  let  the  animals  entirely  alone,  disturbing  them 
just  as  little  as  possible. 

Methods  of  Handling  to  Reduce  Losses  from  Death  Oamas. 

When  grazing  openly  and  quietly  on  a  range,  as  in  Figure  7,  sheep 
show  great  care  in  the  selection  of  the  forage  they  eat.  However,  when 
they  are  being  trailed  from  one  place  to  another  they  are  deprived  of 
the  privilege  of  selecting  and  choosing  their  forage,  with  the  result 
that  without  this  chance  of  selection  they  eat  everything  that  is  not 
absolutely  objectionable.  If  the  death  camas  is  on  the  range,  and  it 
usually  is,  they  may  eat  so  much  of  it  that  they  get  more  of  the  poison 
than  they  can  cast  off,  and  death  is  the  result.  It  should  always  be 
remembered  that  when  a  sheep  is  hungry  it  usually  eats  the  whole 
plant  it  is  grazing  on  at  once;  but  only  the  tender  and  juicy  parts 
such  as  the  leaves  and  young  stems,  the  most  choice  portions,  are 
nipped  off  when  it  is  not  exteremely  hungry  or  when  it  is  allowed  to 
graze  with  an  opportunity  of  selecting  its  forage. 

Thus,  in  order  to  avoid  losses  on  a  range,  where  death  camas  is 
growing,  sheep  should  be  so  handled  that  they  are  never  at  any  time 
extremely  hungry.  If  they  are  being  trailed  from  one  range  to 
another,  it  is  beat  to  allow  them  to  graze  for  an  hour  or  two  in  the 
morning  just  as  openly  gind  quietly  as  possible  before  starting  to  move 
them.  This  will  allow  all  the  animals  to  fill  quite  completely;  and 
they  will  then  use  greater  care  in  the  selection  of  their  forage  for  the 
remainder  of  the  day.  This  would  not  be  the  case  if  they  were  started 
on  the  trail  immediately  after  leaving  the  bed-ground. 

Another  very  important  point  is  to  get  the  sheep  off  the  bed-ground 
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just  as  early  as  possible  in  the  morning.  When  a  sheep  beds  down  at 
night  it  is  usually  full  and  contented.  By  morning  it  is  beginning  to 
get  rather  empty,  and  the  longer  it  is  kept  on  the  bed-ground  the 
hungrier  it  becomes ;  it  is  then  far  more  apt  to  be  poisoned  when  it  gets 
out  on  the  range  where  the  death  camas  is  growing. 

In  most  cases  of  death  camas  poisoning  so  far  observed,  the  animals 
were  poisoned  during  the  forenoon.  This  is  due  to  the  fact  that  the 
palatability  of  the  plant  decreases  as  the  stomach  becomes  full.  Thus 
a  plant  which  may  seem  to  be  highly  palatable  and  to  be  relished  during 
the  morning  hours  frequently  is  not  touched  later  in  the  day.  This 
is  quite  true  of  the  death  camas.  It  is  grazed  chiefly  during  the  early 
morning  hours,  and  is  seldom  touched  when  the  stomach  begins  to  be 
full.  Therefore  it  is  highly  important  that  the  sheep  should  be  so 
handled  during  the  early  morning  hours  that  they  will  have  the 
greatest  freedom  in  the  selection  of  their  range  forage;  if  possible, 
during  this  part  of  the  morning  they  should  be  grazed  on  range  free 
from  death  camas,  or  where  it  has  only  a  scattering  growth. 

In  Nevada  the  prevailing  method  of  handling  sheep,  especially  in 
the  spring  of  the  year,  is  to  establish  a  main  camp  from  which  the 
sheep  are  grazed  daily  until  all  the  feed  in  the  immediate  vicinity  of 
the  camp  has  been  eaten  out  for  a  radius  of  two  or  three  miles.  This 
necessitates  long  daily  trailing  back  and  forth  in  order  to  get  from 
range  that  has  already  been  grazed  to  fresh  feed.  Thus  the  sheep  trail 
over  the  same  ground  each  day  until  all  the  forage  on  the  range 
around  the  bed-ground  \s  completely  eaten  off.  This  method  of  han- 
dling can  only  result  in  all  plants  being  eaten,  whether  poisonous  or 
not ;  for  the  most  palatable  ones  are  first  grazed,  and  as  these  plants 
are  removed  the  less  palatable  ones  are  left  to  be  grazed  including,  of 
course,  the  death  camas.  In  order  to  avoid  losses  resulting  from  these 
improper  methods  of  handling  sheep,  they  should  be  allowed  to  bed 
do^-n  wherever  they  happen  to  be  when  night  comes.  They  will  then 
always  be  on  fresh  feed  in  the  morning.  The  variety  of  forage  from 
which  to  choose  will  be  much  greater  and  the  chance  of  poisoning  will 
be  greatly  reduced,  providing  the  animals  are  gotten  off  the  bed- 
ground  early  in  the  morning  and  are  allowed  to  spread  out  to  graze 
openly  and  quietly,  each  ewe  with  her  lamb.  Close-bunched  grazing, 
running,  trailing,  and  massing  should  never  be  allowed,  not  only  in 
order  to  keep  the  losses  down,  but  also  for  the  good  of  the  ewe  and  her 
lamb  and  for  the  most  full  and  effective  use  of  the  range  forage. 

After  a  sheep  has  been  deprived  of  salt  for  a  week  or  ten  days  it 
develops  an  abnormal  or  depraved  appetite,  .with  the  result  that  it 
will  eat  many  plants  which  ordinarily  it  would  never  touch.  There- 
fore it  is  of  the  greatest  importance  that  sheep  be  regularly  and  abun- 
dantly salted,  so  that  the  appetite  will  remain  normal  and  the  tendency 
to  eat  obnoxious  or  poisonous  plants  will  be  reduced.  This  means  that 
they  should  have  salt  every  day,  and  if  it  is  not  practical  to  salt  daily, 
salt  should  be  supplied  at  least  ever}'  three  days.  A  sheep  under  ordi- 
nary range  conditions  will  eat  approximately  1/2  ounce  of  salt  per  day, 
or  3  pounds  per  day  to  every  hundred  head.  This  does  not  make  any 
allowance  for  waste,  which,  of  course,  varies  according  to  the  manner 
in  which  the  salt  is  distributed  to  the  sheep. 
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LUPINES 

(Lupinus  Spp.) 
The  lupines  in  Nevada  are  known  by  various  common  names,  l>eing 
improperly  called  blue  bean,  wild  bean,  wild  alfalfa,  blue  pea. 

Description  of  the  Plant. 

The  lupines  belong  to  the  pea  family,  and  are  erect  plants  from  six 
inches  to  three  feet  high,  depending  upon  the  species,  the  altitude,  the 
soil,  and  moisture  conditions.  Most  of  the  species  in  Nevada  grow 
year  after  year  from  the  same  heavy  deep-set  roots,  which  produce 
several  stems,  the  leaves  of  which  are  long  stemmed  and  are  dividcKl 
into  from  four  to  fifteen  small  leaf  divisions,  all  spreading  from  the 
end  of  the  one  leaf  stalk.  The  flowers  are  borne  in  long  clusters  and 
are  shaped  like  those  of  a  pea.    The  colors  are  various  shades  of  blue. 


Figure  8.    Showing  the  arrangement  of  the  leaflets  of  the  lupine  on  the 
left  and  a  typical  leaf  of  the  loco  on  the  right. 

white,  pink,  or  yellow.  The  pods  contain  one  or  more  seeds  and  are 
usually  covered  by  a  growth  of  many  small  gray  hairs.  This  hairy 
srrowth  also  is  usually  found  on  the  upper  surface  of  the  leaves,  giving 
the  plant  a  typical  grayish  appearance.  The  lupine  plant  may  be 
found  in  blossom  from  early  summer  until  late  fall.  The  largest  num- 
ber of  flowers,  however,  are  produced  during  July  and  August.  A 
typical  lupine  plant  is  shown  in  Plate  III. 

Distribution  and  Habitot. 

The  lupine  is  one  of  the  most  widely  and  abundantly  distributed  of 
all  the  weeds  or  showy  flowering  plants  found  on  the  ranges  of  Nevada. 
It  is  found  on  practically  all  the  low  elevations  and  grows  to  an  alti- 
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Plate  III.     LUPINE.     (Lupino.) 
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tude  of  10,000  feet.    It  grows  on  aU  types  of  soil,  except  those  which 
are  excessively  wet  or  dry. 

Plants  Oommonly  Blistaken  for  Lupine. 

The  lupine  is  frequently  confused  by  many  stockmen  with  several 
plants,  the  most  common  of  which  is  loco.  However,  the  lupine  may 
be  readily  distinguished  by  the  arrangement  of  the  leaflets,  as  shown 
m  Figure  8,  where  they  all  arise  from  the  end  of  the  stem,  while  in 
the  case  of  the  loco  the  leaflets  are  arranged  along  the  main  axis  of 
the  leaf  with  one  odd  leaflet  borne  at  the  end. 

Animals  WMch  Are  Poisoned. 

Under  certain  range  conditions  this  plant  may  be  poisonous  to  all 
classes  of  stock.  However,  the  heaviest  losses  take  place  when  sheep 
graze  upon  it  after  the  seeds  have  been  formed  within  the  pods.  Horses 
are  very  found  of  lupine,  but  in  order  to  be  poisoned  they  must  graze 
exclusively  upon  it  for  a  rather  prolonged  period ;  this  seldom  occurs 
on  the  open  range.  It  is  not  grazed  with  any  degree  of  eagerness  by 
cattle,  yet  losses  have  been  reported  on  certain  ranges  in  the  late  fall 
where  this  plant  was  the  only  one  to  be  found  on  the  range.  Lupine 
poisons  very  few  horses  and  cattle  under  Nevada  conditions. 

Sheep  will  always  graze  upon  the  grasses  and  succulent  weeds  before 
eating  lupine.  However,  in  the  fall  of  the  year  when  the  other  feed 
is  beaming  scarce  and  what  little  is  left  is  dry,  the  lupine  is  usually 
still  green  and  in  pod.  Sheep  then  graze  upon  it  with  disastrous 
results. 

It  seems  that  the  lupine  becomes  more  palatable  after  it  has  been 
frosted,  but  usually  by  this  time  of  the  year  most  of  the  seeds  have 
dropped  to  the  ground  and  of  course  there  is  then  little  or  no  danger 
from  poisoning.  Under  such  range  conditions  before  sheep  are  allowed 
to  graze  on  lands  where  lupine  is  common  it  should  be  carefully 
examined  to  see  that  it  has  no  seeds  in  its  pods.  If  there  are  still 
seeds  in  the  pods,  the  sheep  should  not  be  allowed  to  graze  upon  it 
unless  there  are  other  plants  on  the  range  which  will  be  eaten  in 
preference  to  it. 

All  over  Nevada  there  is  a  small  weevil  which  feeds  in  the  pods  of 
the  lupine  and  destroys  the  seeds.  The  pods  may  look  as  though 
they  contain  seeds,  but  upon  close  examination  they  are  found  to  be 
seedless  and  of  course  the  chances  of  poisoning  taking  place  are  very 
slight. 

Parts  of  the  Plant  Wliich  Are  Poisonous. 

Under  certain  range  conditions  whiclv  have  not  been  definitely 
determined  the  leaves  and  the  tops  of  the  lupine  plant  have  been 
known  to  cause  death.  However,  the  majority  of  the  losses  on  the 
range  have  taken  place  after  the  lupine  plant  has  blossomed  and  pro- 
duced its  seeds.    (See  Figure  9.) 

In  most  cases  after  a  sheep  has  eaten  a  large  amount  of  the  pods 
and  seeds,  it  does  not  chew  its  cud  before  the  typical  poisoning  symp- 
toms appear.  However,  after  the  symptoms  do  appear  the  animal 
poisoned  may  die  in  a  very  short  time  or  it  may  linger  for  one  or  more 
days  before  succumbing  or  getting  entirely  well.  Thus,  sheep  may 
feed  on  a  lupine  patch  one  day  and  yet  they  may  not  be  sick  until  the 
next  day,  when  they  may  be  grazing  on  country  entirely  free  from  any 
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or  all  poisonous  plants.  This  accounts  for  the  fact  that  losses  often 
are  reported  on  a  rangre  entirely  free  from  all  reco^ized  poisonous 
plants.  A  question  that  often  bothers  the  range  man  is :  How  can  a 
band  of  sheep  graze  and  fill  up  on  lupines  at  one  time  with  no  ill 
effects ;  yet  ^t  another  time  when  they  do  the  same  thing  heavy  losses, 
follow?  This  may  be  explained  by  the  fact  that  the  poison  from  the 
lupine  is  excreted  by  the  kidneys  and  is  thrown  off  as  soon  as  it  is 
liberated;    in  order  to  cause  death  or  ill  effects  the  animal  must  get 


i^f  ». ... 


Figure  9.    A  lupine  plant  in  fuU  pod.    Wlien  the  plant  is  in  this  stage 
most  of  the  losses  from  poisoning  take  place. 

more  of  the  poison  at  one  time  than  it  can  cast  off  immediately,  with 
the  result  that  the  excess  of  poison  is  left  in  the  system,  causing  the 
typical  lupine  symptoms  and  possibly  death. 

Amount  of  the  Plant  Necessary  to  Cause  Death. 

The  amount  of  the  plant  that  must  be  eaten  before  death  will  take 
place  is  an  extremely  variable  quantity  due  to  (1)  the  individuality  of 
the  animal;  (2)  the  weight  and  general  health  of  the  animal;  (3)  the 
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species  of  plant  that  the  lupines  are  associated  with;  (4)  the  condition 
of  the  stomach  of  the  animal  when  the  lupine  is  eaten;  and  (5)  the 
kind  of  lupine  eaten. 

The  most  accurate  feeding  tests  so  far  made  show  that  it  takes  from 
14  pound  to  y^.  pound  of  the  seed  to  cause  active  acute  poisoning  or 
death  in  a  sheep  weighing  approximately  100  pounds,  and  about  1^/^ 
pounds  of  the  pods  and  seeds  to  produce  the  same  serious  effects. 
Very  rarely  are  any  animals  poisoned  by  eating  the  leaves  and  stems, 
although  some  losses  from  this  source  have  been  reported. 

Symptoms.  '^ 

Probably  the  most  common  symptom  of  lupine  poisoning  is  the 
manner  in  which  the  animal  breathes.  In  acute  cases  of  poisoning  the 
animal  breathes  with  difficulty  and  there  is  usually  a  frothing  at  the 
mouth.  During  these  periods  of  difficult  breathing  it  will  throw  itself 
about  violently  with  great  mental  excitement,  often  running  in  no 


^H       Figure  10.    Sheep  In  first  stages  of  lupine  poisoning. 

definite  direction,  bumping  into  other  anmals  in  the  flock  or  against 
any  obstruction  that  may  happen  to  be  in  its  way,  such  as  brush,  trees, 
or  large  rocks.  When  the  roof  of  the  mouth  is  examined  a  typical 
blue  appearance  is  usually  seen.  A  large  number  of  animals  die  dur- 
ing these  periods  of  extremely  difficult  breathing  which  make  the 
animal  app>ear  as  though  it  were  in  violent  convulsions.  On  the 
other  hand,  some  of  the  animals  may  go*  into  a  very  deep  sleep  from 
which  they  never  awaken.  In  less  acute  cases  of  poisoning  the  breath- 
ing is  very  labored  and  the  animal  may  stand  or  lie  down  in  a  con- 
dition of  deep  sleep.  The  drooping  of  the  ears  is  another  typical 
8>Tnptom,  usually  accompanied  by  the  animal  pushing  or  butting  its 
head  against  other  near-by  animals  or  objects.  After  an  animal  has 
passed  through  one  of  these  periods  of  extremely  difficult'and  labored 
breathing  it  often  stands  trembling  all  over.     Figures  10,  11,  12,  13 
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show  the  characteristic  attitudes  assumed  by  a  sheep  poisoned  by 
lupine. 

Treatment. 

There  are  no  remedies  which  have  given  satisfactory  results  in 
treating  a  large  number  of  sheep  poisoned  at  the  same  time,  as  is 
usually  the  case  on  the  range. 

Methods  of  Handling  to  Reduce  Losses  ttom  Lupine  Poisoning. 

Practically  speaking,  almost  all  the  heavy  losses  whicli  take  place  on 
the  range  as  a  result  of  sheep  eating  the  lupines  are  due  to  mismanage- 


Figure  11.    Sheep  in  second  stage  of  lupine  poisoning. 


Figure  12.    Sheep  in  third  stage  of  lupine  poisoning,  in  which  they  usuaUy  die. 

ment  of  the  animals  and  to  a  lack  of  information  regarding  conditions 
under  which  poisoning  almost  invariably  takes  place. 

When  sheep  have  been  driven  hard  or  shipped  or  penned  they  are 
very  hungry.  If  they  are  then  turned  on  to  a  lupine  range  where  the 
plants  are  in  flower  and  pods,  they  will  eat  the  lupine  plant  as  rapidly 
as  possible,  especially  the  pods  and  seeds,  consuming  enough  of  this 
part  of  the  plant  to  cause  death.  Therefore,  a  rule  which  should  never 
be  violated  is,  never  to  turn  ravenously  hungry  sheep  on  any  lupine 
range,  for  losses  will  be  almost  certain  to  follow.  The  most  disastrous 
range  losses  have  taken  place  where  this  rule  was  not  observed. 

During  late  summer  and  early  fall  the  lupines  grow  abundantly  on 
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many  of  the  sheep  ranges.  At  this  time  of  the  year  they  usually  are 
in  full-pod  stage  and  quite  frequently  the  leaves  are  green  and  offer 
the  most  tempting  forage  because  the  other  range  plants  are  dry  or 
else  have  disappeared.  It  should  be  remembered  that  the  seeds  are  by 
far  the  most  poisonous  part  of  the  plant  and  at  this  time  of  the  year 
sheep  are  very  fond  of  the  pods,  for  they  have  a  pleasant  sweet  taste 
that  these  animals  particularly  relish.  Therefore,  a  lupine  range  in 
the  pod  stage  is  dangerous  grazing  country,  especially  if  the  lupines 
are  the  most  abundant  plants  on  the  range. 

Whenever  it  is  necessary  to  drive  sheep  for  any  considerable  distance 
over  a  range  infested  with  lupines  it  is  always  highly  important,  in 
order  to  keep  losses  down,  to  first  allow  them  to  graze  with  the  greatest 
amount  of  freedom  during  the  early  morning  hours.    Then,  instead  of 


Figure  13.  Sheep  poisoned  by  lupine.  Frequently  when  poisoned  they 
run  in  no  definite  direction,  butting  into  bushes,  trees,  and  other 
objects. 

dogging  them  and  trailing  them  fast,  they  should  be  allowed  to  spread 
out  just  as  far  as  possible  and  to  take  their  time  in  crossing  over  the 
dangerous  lupine  range. 

WATEB  HEMLOOK 
{Cicuta  Spp.) 
The  other  common  names  by  which  this  plant  is  known  in  Nevada 
are  cowbane,  wild  parsnip,  and  poison  parsnip. 

Description  of  the  Plant. 

Water  hemlock  is  a  marsh  or  water-loving  plant,  tall  and  branching, 
from  two  to  six  feet  high.    The  smooth,  hollow,  green  stems  grow  from 
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a  bunch  of  fleshy,  spindle-shaped  roots  (Figure  14)  which  have  a  series 
of  cross-partitions  dividing  the  interior  of  the  root  into  small,  short 
chambers,  as  shown  in  Plate  IV  which  is  a  typical  water-hemlock  plant. 
The  leaves  are  doubly  divided,  and  each  leaflet  is  narrow,  long,  and 
finely  toothed  along  the  margin.  The  flowers  are  borne  in  dense  clus- 
ters at  the  end  of  the  branches  and  are  greenish-white  in  color. 

Plants  Oommonly  Ifistaken  for  Water  Hemlock. 

The  water  hemlock  is  often  confused  with  certain  harmless  plants 
which  resemble  it  closely,  not  only  in  the  appearance  of  the  upper  part 
of  the  plant,  but  also  in  the  root  structure.  When  the  root  of  the 
water  hemlock  is  cut  in  two  lengthwise,  it  is  easy  to  see  the  cross-parti- 
tions and  small  chambers.  However,  there  are  a  few  other  plants  in 
Nevada  which  have  the  same  structure  in  the  roots,  notably  the  sweet 
anise  {W ashing tonia)  and  the  water  parsnip  (Sium), 

Sweet  anise  does  not  grow  in  extremely  wet  places  as  does  the  water 


Figure  14.    Boots  of  water  hemlock,  showing  the  fleshy,  spindle-shaped 
manner  of  growth. 

hemlock;  it  is  found  along  mountain  creek  bottoms  and  in  densely 
shaded  places.  The  anise  leaflets  are  much  broader  than  those  of  water 
hemlock  and  it  blooms  during  the  early  summer,  while  the  water  hem- 
lock does  not  blossom  until  midsummer.  iSweet  anise  is  not  poisonous 
to  stock  and  is  greatly  relished. 

•The  water  parsnip  grows  in  wet,  marshy  places,  as  does  the  water 
hemlock.  However,  it  may  be  easily  distinguished  from  the  water  hem- 
lock because  the  leaves  of  the  water  parsnip  do  not  branch,  while  those 
of  the  water  hemlock  are  compound  or  branching,  as  is  shown  in 
Figure  15. 

Distribution  and  Habitot. 

The  water  hemlock  is  a  typical  water-loving  plant  and  as  siK»h  it  is 
found  along  the  banks  of  irrigation  ditches,  streams,  in  tule  swamps, 
and  wild  meadow  hay  land.    It  has  not  a  wide  nor  an  abundant  distri- 
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Plate  IV.    WATER  HEMI.OCK,    (Cicuta.) 
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bution,  but  where  it  grows  it  causes  considerable  losses  each  year.     It 
is  never  found  growing  away  from  extremely  moist  or  wet  areas. 

Animals  Wliich  Are  Poisoned. 

This  plant  is  violently  poisonous  to  all  classes  of  stock.  In  Nevada 
very  few  sheep  and  horses  are  poisoned  by  water  hemlock,  but  there 
are  heavy  losses  of  cattle  every  year. 

Parts  of  Plant  Which  are  Poiisonous. 

So  far  all  of  the  feeding  experiments  indicate  that  the  only  part  of 
the  plant  poisonous  are  the  roots.  The  leaves  and  stems  in  large  quanti- 
ties have  been  fed  to  sheep  and/  cattle  with  impunity.  It  is  the  most 
poisonous  plant  which  w^e  have  on  our  western  ranges,  although  it  does 
not  cause  as  many  losses  as  some  of  the  other  poisonous^  plants,  due"  to* 
its  restricted  distribution  and  the  more  or  less  limited  possibility  of 
the  animal  pulling  up  and  eating  the  root. 

Amount  Necessary  to  Cause  Death. 

It  takes  only  a  very  small  quantity  of  the  root  to  cause  death.  Most 
of  the  fatal  cases  reported  were  caused  with  two  to  three  ounces  in  the 


A  typical  water  parsnip  leaf  on  the  left,  and  a  water 
hemlock  leaf  on  the  right. 

case  of  sheep  and  eight  to  twelve  ounces  with  mature  cattle.    It  is  there- 
fore readily  seen  that  the  roots  contain  a  violent  poison. 

Symptoms. 

It  takes  from  20  to  40  minutes  for  the  poison  to  be  absorbed  after 
the  plant  has  been  eaten  so  as  to  cause  the  first  symptoms,  which  are 
frothing  at  the  mouth  and  pronounced  uneasiness  with  extreme  pain, 
more  especially  in  abdominal  region.  After  falling  there  is  convulsive 
champing  of  the  jaws  and  gnashing  of  the  teeth,  together  with  violent 
convulsions,  accompanied  by  a  gradual  stiffening  of  the  legs  with  a 
bending  backward  of  the  head  and  neck.  Quite  frequently  during  the 
period  of  violent  convulsions  the  animal  will  bellow  and  groan  from 
pain.    The  pupils  of  the  eyes  are  dilated  and  the  pulse  rapid  and  weak. 
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The  convulsions  are  .intermittent,  some  prolonged,  others  of  short  dura- 
tion. 

The  intervals  between  the  muscular  spasms  or  convulsions  grow 
shorter  until  the  animal  becomes  unconscious  and  finally  dies. 

The  poison  is  absorbed  and  acts  very  rapidly,  and  apparently  is  cast 
off  quite  quickly,  for  the  animal  fatally  poisoned  soon  dies,  while  those 
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Figure  16.    A  water  hemlock  plant  showing  its  typical  manner  of 
growth  with  other  vegetation. 

which  have  not  eaten  a  fatal  dose  soon  recover  and  are,  to  all  outward 
appearances,  well. 

Treatment. 

At  the  present  time  the  treatment  for  water-hemlock  poisoning  is 
very  unsatisfactory  because  (1)  when  an  animal  eats  a  fatal  dose  the 
poisonous  substance  contained  in  the  plant  is  so  rapid  in  its  action 
that  death  usually  results  before  the  animal  is  found  or  any  treat- 
ment can  be  given;  (2)  there  is  no  known  specific  antidote  for  the 
poison;  and  (3)  the  animal  is  so  excitable  when  poisoned  that  to  tty 
to  give  it  any  treatment  in  many  cases  only  makes  it  worse. 
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Methods  of  Handling  to  Badoco  Lossot  from  Wator  Homlock. 

The  water  hemlock  has  such  a  limited  distribution  and  abundance 
that  it  is  easily  exterminated  on  ranges  where  it  causes  loss,  by  simply 
grabbing  it  out.  The  cost  of  one  poisoned  steer  would  usually  pay  for 
grabbing  out  all  the  water  hemlock  on  several  acres  because  of  the  ease 
with  which  it  is  grubbed  and  its  limited  distribution  and  abundance. 
(See  Figure  16.)  After  the  plant  has  been  grubbed  it  should  not  be 
left  on  the  range  or  in  the  field,  but  it  should  be  put  in  a  wagon  and 
carried  off  to  some  inclosure  where  stock  cannot  get  at  it  and  where 
it  should  finally  be  burned.  In  case  the  grubbing  was  done  on  the 
range  the  most  feasible  way  to  dispose  of  the  plant  is  to  dig  a  hole  and 
throw  in  the  roots.  A  fire  of  dry  sticks  is  then  built  on  the  roots  and 
when  the  fire  has  burned  down  the  hole  is  filled.  Great  care  should  be 
taken  not  to  leave  any  of  the  grubbed  roots  on  the.  surface  of  the 
ground  where  stock  may  eat  them. 

WESTERN  aOLDENBOD 

{Solidago  Spp.) 
The  two  species  which  are  definitely  known  to  cause  loss  are  found 
growing  in  the  wild  hay  lands,  in  permanent  pastures,  and  well- 
drained  moist  mountain   country.     They   are   known   botanically  as 
S,  spectabilis  and  S,  cancinna. 

Descriiition  of  tbe  Plant. 

Under  certain  range  conditions  the  smaller  goldenrods  seem  to  be 
poisonous.  A  general  description  of  the  small  goldenrods  should  there- 
fore be  of  greater  value  than  a  detailed  description  of  any  one  kind. 

The  goldenrods  which  are  known  to  have  poisoned  sheep  are  a  foot 
or  more  high  with  undivided  leaves.  The  leaves  which  are  close  to 
the  ground  taper  toward  the  stem ;  the  leaves  on  the  stem  are  narrow, 
two  to  four  times  as  long  as  broad,  and  more  or  less  rounded  in  out- 
line. The  leaves  produced  close  to  or  with  the  flowers  are  small,  nar- 
row, and  flat.  The  flowers  are  yellow ;  they  grow  in  rather  dense 
clogters  at  the  end  of  the  branch  stem.  Plate  V  shows  the  typical  form 
Mid  appearance  of  the  goldenrod  which  has  poisoned  many  sheep  in 
Nevada. 

Wbflro  tiie  Gk>ld«nrodB  Orow. 

The  goldenrods,  especially  the  low-growing  varieties,  are  found  all 
over  the  northern  half  of  Nevada.  They  grow  in  native  hay  lands,  in 
well-drained  pastures,  and  in  the  mountain  park  and  meadow  country. 
They  do  not  grow  in  very  dry  country  with  sagebrush,  dry  grass,  and 
w^ds.  While  they  have  a  wide  distribution,  they  are  rarely  found 
growing  in  any  great  abundance  over  a  large  tract  of  meadow  or 
pasture  lands. 

Anlmilg  Wliicli  Are  Poisoned. 

So  far  in  Nevada  the  only  animals  poisoned  by  goldenrod  have  been 
sheep,  among  which  there  have  been  several  disastrous  cases  of  poison- 
ing. Sheep  grazing  on  goldenrod  have  been  poisoned;  others  died 
from  eating  the  dry  plants  in  hay. 

Paiti  of  the  Plant  Wliicli  are  Poisonous. 
Only  the  upper  part  of  the  goldenrod  is  eaten,  more  especially  the 
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leaves,  the  flowers,  and  the  younger  and  more  tender  stems.     The 
roots  of  the  plant  are  not  pulled  up  when  it  is  being  grazed. 

Amount  of  Ooldenrod  Necessary  to  Canse  Death. 

We  do  not  know  just  how  much  goldenrod  a  sheep  must  eat  before 
being  poisoned.  However,  animals  have  died  from  eating  IVio  pounds 
of  the  green  plant.  Since  some  sheep  have  died  from  eating  dried 
goldenrod  in  hay  and  others  from  pasturing  it  where  there  was  an 
abundance  of  other  plants,  it  seems  that  only  a  small  amount  is  neces- 
sary to  cause  serious  poisoning  or  death. 

Symptoms. 

The  first  s\Tnptoms  noted  are  a  salivation  or  slobbering  accompanied 
by  a  constant  movement  of  the  jaws  and  lips.  There  is  also  continu- 
ous quivering  of  the  ears  and  head,  with  recurring  unnatural  con- 
tractions of  the  body  muscles.  When  these  contractions  take  place 
they  appear  as  if  the  animal  w^ere  trjing  to  shake  something  off  the 
fleece.  There  is  a  pronounced  arching  of  the  back  during  these  pro- 
longed shaking  spells.  The  legs  are  usually  close  together,  appearing 
as  though  they  were  tucked  up  under  the  body.  Any  sudden  noise  will 
immediately  start  a  shaking  of  the  fleece  as  above  described.  The  ner- 
vous movements  or  muscular  contractions  start  in  the  region  of  the 
face  and  head,  pass  down  the  neck  and  back,  and  finally  affect  the 
legs.  After  being  poisoned,  many  animals,  without  any  cause,  will 
leave  the  flock,  start  off  in  a  dazed  condition,  stepping  high  with  the 
front  legs,  with  the  head  held  high  and  quivering.  This  erect  quiver- 
ing position  is  held  for  a  minute  or  more,  when  a  trembling  of  the 
muscles  of  the  neck,  legs,  and  back  will  commence,  with  a  sudden 
weakness  and  unsteadiness  of  gait,  when  the  animal  usually  falls  and 
passes  into  a  convulsive  state.  During  and  immediately  after  this 
condition  of  the  animal  the  pupils  are  dilated  and  the  sense  of  direc- 
tion and  distance  is  completely  deranged.  As  soon  as  the  convulsive 
motions  have  ceased  there  is  a  champing  of  the  jaws^  with  salivation, 
continued  shaking  of  the  head,  and  a  quivering  movement  in  the  neck. 
Practically  speaking,  all  animals  poisoned  seem  to  have  an  uncontrol- 
lable desire  to  seize  some  near-by  object,  such  as  a  stick  or  a  stone,  and 
to  chew  it  continuously  for  hours. 

Methods  of  Handling  to  Beduce  Losses  from  Ooldenrod. 

Large  losses  have  taken  place  from  feeding  goldenrod  to  sheep  in 
cured  hay.  If  the  hay  is  to  be  fed  to  sheep,  the  areas  upon  which  the 
goldenrod  is  found  growing  should  be  determined  and  the  hay  from 
these  areas  stacked  by  itself  and  fed  to  either  horses  or  cattle,  which 
seem  to  be  immune  from  the  poisonous  effects  of  the  plant.  Usually 
the  loss  which  occurs  as  a  result  of  sheep  eating  goldenrod  put  up  in 
cured  hay  is  relatively  small  at  any  one  time,  only  a  few  of  the  animals 
dying  each  day.  When  such  losses  begin  the  hay  should  be  examined 
immediately,  and,  if  found  to  contain  goldenrod,  the  feeding  of  it  to 
sheep  should  be  discontinued.  Under  certain  conditions,  not  yet  defi- 
nitely understood,  it  seems  that  hay  containing  goldenrod  may  be 
fed  to  sheep  without  any  losses  taking  place.  Possibly  this  is  due  to 
the  fact  that  there  is  such  a  small  amount  of  the  goldenrod  scattered 
through  the  hay  that  none  of  the  animals  get  a  sufficient  amount  of  it 
at  any  one  feeding  to  cause  trouble. 
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Plate  VI.    RABBIT  BRUSH. 
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When  sheep  are  pastured  where  the  goldenrod  is  growing,  they 
should  be  allowed  at  all  times  the  greatest  possible  freedom  in  the 
selection  of  their  forage.  In  order  to  keep  their  appetites  normal, 
they  should  be  regularly  and  abundantly  salted.  Quite  frequently  the 
goldenrod  grows  in  dense  patches  from  which  it  is  entirely  practical 
to  herd  the  animals  away.  In  order  to  do  this  the  herder  must  be  able 
to  recognize  this  plant  easily  and  to  distinguish  it  from  all  others. 
Plate  V  is  an  excellent  illustration  of  the  general  growth  and  appear- 
ance of  the  plant.  When  it  is  cured  in  the  hay  the  yellow  blossoms 
will  usually  still  be  on  the  plant,  so  it  is  fairly  easy  to  find  the  golden- 
rod  in  case  any  hay  is  suspected  of  causing  losses. 


Figure  17.    Babbit  brush,  showing  its  maimer  of  growth  on  the  range. 

RABBIT  BRUSH 

{Tetradymia  glabrata) 
This  shrub  is  now  known  to  be  poisonous  at  certain  times  of  the  year 
and  under  certain  range  conditions.     It  has  already  caused  the  loss 
of  several  thousand  head  of  sheep. 

Description  of  the  Plant. 

It  is  a  rigid  shrub  from  one  to  four  feet  high  with  slender  spreading 
branches  which  are  whitened  with  matted  woolly  hairs,  which  fall  off 
each  year.  The  leaves  are  smooth  and  green,  the  main  ones  being 
slender  and  tapering  from  a  broadened  and  thickish  base  to  a  sharp 
point,  while  the  young  leaves  are  fleshy  and  pointless.  The  flowers 
are  yellow  and  are  borne  in  clusters.  Plate  VI  shows  a  typical  branch 
of  this  shrub,  and  Fi^re  17  shows  the  manner  of  its  growth  and 
branching. 

The  spiny  rabbit  brush  is  very  frequently  found  growing  with  the 
rabbit  brush  above  described.     It  is  also  a  shrub  from  three  to  four 
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feet  tall  with  the  branches  widely  set  apart  and  covered  with  a  dense 
mat  of  white  hairs.  Straight  or  recurved  sharp-pointed  spines  are 
produced  instead  of  the  primary  or  main  leaves  of  the  ordinary  rabbit 
brush. 

DifltributioD  and  Habitat. 

The  rabbit  brush  has  a  very  wide  distribution,  being  found  more  or 
less  on  all  of  our  dry  sagebrush  areas.  It  is  in  evidence  on  our  dry 
ranges  throughout  the  year.  The  characteristic  vegetation  with  which 
it  is  found  growing  is  sagebrush,  bud  sage,  white  sage  (Eurotia)  ^diSii 
scale  {Atriplex  confectifoUa),  salt  88ige{Atriplex  NuttaUii),  and  the 
green  sages  {Chrysothamnus  Spp.).  It  is  also  found  growing  quite 
frequently  in  pure  stands.  It  has  not  been  found  growing  on  land  full 
of  alkali  where  the  sagebrush  is  replaced  by  such  shrubs  as  grease- 
wood  {Sarcobatus  Spp.),  and  a  few  of  the  salt  sages,  sedges,  and 
rushes.  It  is  never  found  growing  in  mountain  areas  where  there  is 
a  great  profusion  of  grasses  and  weeds. 

Animals  Whicb  Are  Poisoned. 

Under  ordinary  range  conditions  this  shrub  is  very  seldom  eaten  by 
any  class  of  stock  except  sheep,  and  they  graze  upon  it  only  when 
forced  to  do  so  because  of  a  distinct  lack  of  more  desirable  forage. 
Therefore  the  only  animals  so  far  known  to  be  poisoned  by  it  are 
sheep. 

Parts  of  the  Plant  Wblch  Are  Poisonoua, 

During  the  spring  of  the  year  this  shrub  produces  many  young  buds 
and  leaves  on  which  the  sheep  graze,  and  consequently  it  is  this  part 
of  the  plant  which  has  so  far  been  responsible  for  aU  the  lo^es.  In 
fact  the  remainder  of  the  plant  is  so  very  woody  and  tough  that  it 
would  not  be  eaten  by  any  class  of  range  stock. 

Amount  of  Babbit  Brush  Necessary  to  Cause  Deatji. 

From  all  observations  made  so  far,  before  being  fatally  poisoned  a 
sheep  has  to  graze  exclusively  on  this  plant  for  some  time,  until  the 
stomach  is  nearly  full.  The  fresh  young  leaves  and  buds  with  the 
tender  green  shoots  are  the  portions  eaten,  but  this  occurs  only  when 
the  sheep  are  very  hungry ;  for  these  parts  are  not  highly  tempting  or 
pleasing  to  the  taste. 

The  fresh  young  leaves  and  buds  contain  about  2%  of  potash,  a 
violent  poison,  which  may  be  the  cause  of  the  death  of  the  sheep.  Some 
sheep  can.eat  far  more  rabbit  brush  than  others  without  being  poisoned. 

Most  of  the  losses  Which  have  occurred  in  Nevada  were  in  flocks 
which  were  ravenously  hungry  or  in  flocks  which  had  been  fed  all 
winter  in  feed  lots  and  were  being  trailed  over  a  range  where  rabbit 
brush  grows.  Sheep  which  have  wintered  down  on  the  desert  where 
the  white  sage  and  the  bud  sage  grow  abundantly  seem  able  to  eat 
rabbit  brush  without  being  injured.  This  is  probably  due  to  the  fact 
that  these  sheep  have  been  feeding  all  winter  on  plants  containing  a 
high  per  cent  of  potash  or  whatever  the  poisonous  substance  may  be 
which  is  responsible  for  rabbit-brush  poisoning. 

Symptoms. 

After  a  sheep  has  filled  up  on  the  young  green  shoots  the  animal 
first  appears  to  be  very  dull  and  somewhat  senseless.    It  staggers  and 
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is  weak.  When  grazing  or  standing  still  it  may  suddenly  fall  over  in 
an  insensible  condition,  with  the  head  bent  or  moved  to  the  side  of  the 
body.  Muscular  spasms  follow,  the  eyes  are  bulged  and  staring,  the 
breathing  is  very  shallow.  When  breathing,  the  nose  and  face  are 
wrinkled  as  though  the  nose  were  blocked  with  some  obstruction. 
Grinding  of  the  teeth  is  fairly  common  in  all  animals  down,  and  after 
a  while  bloating  takes  place.  Swelling  of  the  ears  and  head  occurs  in 
many  cases.  Mucus  streaked  with  blood  usually  flows  from  the  nose. 
After  the  animal  falls,  death  usually  follows  in  from  five  minutes  to 
an  hour. 

Treatment. 

After  a  sheep  has  been  poisoned  by  rabbit  brush,  little  or  nothing 
can  be  done  for  it.  Usually  when  a  flock  is  poisoned  by  eating  this 
plant,  large  losses  take  place,  and,  as  there  may  be  several  hundred 
sheep  down  at  the  same  time,  individual  treatment  is  out  of  the 
question. 

Metbods  of  Handllns  to  Reduce  Lowes  to  a  Minimum. 

Losses  may  be  almost  entirely  avoided  by  cautious  herding.  The 
most  important  thing  to  know  is  that  the  sheep  are  most  likely  to  eat 


Figure  18.    Sheep  grazing  on  an  area  supporting  rabbit  brush.    Under 
these  conditions  poisoning  is  likely  to  occur. 

this  shrub  when  they  are  exceedingly  hungry  or  when  there  is  a 
scarcity  of  other  range  forage.  (See  Figure  18.)  The  herder  should 
become  thoroughly  familiar  with  the  appearance  of  rabbit  brush,  and 
when  he  sees  that  the  animals  are  feeding  almost  exclusively  on  the 
green  tender  parts  he  should,  if  possible,  remove  them  immediately  to 
a  range  free  from  it.  He  should  be  able  to  recognize  this  poisonous 
brush  at  a  glance,  and  should  drive  the  sheep  where  it  does  not  grow. 
This  knowledge  is  particularly  desirable  when  the  sheep  are  on  tl?e 
trail  or  at  feeding-places  along  the  railroads,  at  shearing  corrals,  or 
when  they  have  been  shipped  long  distances  and  are  extremely  hungry. 
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When  in  this  condition  they  eat  everything  that  is  not  positively 
objectionable,  and  as  a  result,  if  the  rabbit  brush  is  present,  they  will 
eat  enough  of  it  to  cause  death.  Ordinarily  they  do  not  eat  enough  to 
do  them  any  harm. 

Often,  when  sheep  are  moved  from  the  winter  feeding-grounds  to 
their  spring  and  summer  ranges,  flock  after  flock  will  be  driven  over 
the  same  driveways,  along  roads  or  narrow  lanes.  These  drivewaj-s 
are  usually  overgrazed  and  at  their  best  contain  but  little  good  feed. 
The  first  flocks  going  over  eat  out  all  the  most  palatable  plants,  leav- 
ing only  the  less  desirable  ones.  The  flocks  that  follow  are  forced  to 
eat  such  plants  and  shrubs  as  death  camas  and  rabbit  brush,  with 
disastrous  results.  Therefore,  in  moving  sheep  from  one  range  to 
another,  it  is  best  not  to  allow  one  flock  to  follow  another  if  the  rabbit 
brush  is  the  only  feed  left. 

When  sheep  have  been  shipped  long  distances  they  are  exceedingly 
hungry.  Before  starting  to  graze  them  on  a  strange  range  or  on  a 
range  known  to  be  infested  with  any  poisonous  plants,  it  is  alwaj's 
much  cheaper  to  fill  them  up  on  hay  before  moving  them  from  the 
railroad  point.  Usually  around  loading  corrals  and  shearing  plants 
the  range  is  overgrazed,  a  condition  which  favors  the  greatest  losses 
from  poisonous  plants,  especially  rabbit  brush. 

LOGO 

{AragdHus  Spp.  and  Astragalus  Spp.) 
The  almost  universal  name  by  which  these  plants  are  known  on  the 
western   ranges  is  "Loco,"  from  the   Spanish  word  meaning  crazj'. 
They  are  therefore  sometimes  called  crazy  weed,  from  their  effect  on 
all  classes  of  range  animals. 

Description  of  the  Plant. 

There  are  many  different  species  of  loco  in  Nevada,  none  of  which 
cause  serious  losses.  The  locos  belong  to  the  pea  family  and  have 
typical  pea-blossom  flowers  borne  in  a  crowded  arrangement  near 
the  end  of  the  flower  stem.  The  flowers  are  of  various  shades  of 
purple,  yellow,  white,  or  red.  From  them  a  pea-like  pod  is  formed, 
often  inflated  or  bladder-like  in  appearance,  containing  from  two  to 
many  small  seeds.  The  leaves  have  a  very  peculiar  and  characteristic 
appearance  by  which  the  plant  may  be  readily  distinguished  on  the 
range.  They  are  made  up  of  many  small  leaflets  attached  on  each 
side  of  one  leaf  stem  with  an  odd  leaf  always  formed  at  the  end,  as 
shown  in  Figure  19. 

Distribution  and  Habitat. 

The  locos  are  very  widely  distributed  all  over  Nevada,  being  found 
on  practically  all  grazing  types  such  as  the  weed  areas,  sagebrush, 
open  park,  sand  grass,  white  sage,  and  semidesert  ranges.  They  are 
found  at  all  elevations. 

Animals  Which  Are  Poisoned. 

All  classes  of  range  animals  are  affected  by  these  plants.  How- 
ever, sheep  and  horses  are  more  likely  to  become  locoed  than  are 
cattle. 

There  is  only  a  small  number  of  locoed  animals  in  Nevada.    The 
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main  losses  occur  in  the  extreme  southern  part  of  the  State,  where 
but  few  cattle,  sheep,  and  horses  are  ranged  on  account  of  the  lack  of 
water  and  feed. 

Symptoms. 

There  are  two  ways  in  which  the  loco  plant  may  aifect  range  ani- 
mals; (1)  acute  poisoning,  killing  them  within  a  few  days,  and  (2) 
slow  poisoning,  where  the  animals  live  for  a  considerable  length  of 
time,  from  six  months  to  a  year  or  more,  during  which  time  they  show 
the  same  symptoms  as  in  the  acute  form,  only  to  a  milder  degree. 


Figure  19.    A  loco  plant,  showing  manner  of  growth  and  arrangement 
or  leaflets  on  axis  of  leaf. 

The  most  typical  characteristic  symptom  of  the  locoed  animal  is  the 
lack  of  muscular  control  when  walking,  the  gait  being  like  that  of  a 
drunken  man.  The  animal's  sight  is  impaired,  and  it  cannot  judge 
the  size  and  distance  of  objects  accurately.  In  serious  cases  total 
blindness  occurs  and  the  sense  of  hearing  is  frequently  affected,  often 
to  such  an  extent  that  the  animal  is  unable  to  determine  the  direction 
from  which  a  sound  comes.  In  cattle  and  horses  the  head  is  usually 
carried  low,  the  coat  becomes  very  rough,  and  the   gait  staggering 
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and  slow.  Frequently  with  sheep  a  general  shedding  of  the  wool 
takes  place  or  it  is  shed  only  in  patches.  The  back  is  quite  frequently 
extremely  arched,  and  there  is  trembling,  especially  of  the  legs  and 
knees.    It  is  almost  impossible  to  keep  a  bunch  of  locoed  sheep  from 


Figure  20.  A  loco  plant,  showing  the  hairy  growth  aU  over  the 
plant.  AU  locos  producing  this  hairy  growth  may  be  looked 
upon  with  suspicion. 

straying  or  to  drive  them  in  any  definite  direction.  With  many  animals 
the  sight  becomes  so  badly  affected  that  they  cannot  keep  up  with  the 
flock,  and  they  are  often  found  dead  in  deep  ravines,  or  drowned  in 
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streams  or  water  holes.  As  a  result  of  feeding  almost  exclusively  on 
loco  the  animal  finally  dies  of  exhaustion  and  starvation.  In  the  later 
stages  the  locoed  horse  becomes  very  poor,  his  eyes  are  sunken,  and 
he  usually  is  abandoned  by  both  man  and  beast,  and  will  stand  for 
days  and  even  weeks  upon  a  very  small  area  of  ground  without  water 
and  with  very  little  food  until  death  from  starvation  relieves  him. 

Methods  of  Handling  to  Reduce  Losses  from  Loco. 

The  loco  weeds  capable  of  causing  the  typical  symptoms  are  highly 
unpalatable  and  are  very  rarely  touched  by  any  animal  except  those 
which  are  extremely  hungry  or  which  are  grazing  on  a  range  where 
there  is  a  distinct  lack  of  more  desirable  plants.  This  Ls  the  case  on 
all  overgrazed  ranges  or  where,  due  to  climatic  conditions,  the  loco 
weed  is  the  predominating  plant.  Under  these  conditions  the  aniipals 
are  forced  to  eat  the  loco.  After  having  once  developed  an  appetite 
for  it  however,  they  graze  it  in  preference  to  all. other  range  plants. 
When  stock  are  grazing  upon  an  area  infested  with  loco  a  very  close 
watch  should  be  kept,  and  as  soon  as  any  of  them  commence  to  show 
signs  of  being  locoed  they  should  be  immediately  separated  from  the 
rest  and  placed  in  an  inclosure  and  fattened.  If  this  is  not  possible, 
they  should  be  taken  to  a  range  free  from  loco. 

If  the  animal  has  become  rather  poor,  as  is  always  the  case  after  it 
has  been  eating  the  plant  for  some  time,  it  should  be  given  a  very 
nutritious  ration  and  for  a  few  days  4  ounces  of  magnesium  sulphate 
should  be  dissolved  in  the  drinking  water.  In  case  of  horses  which 
are  extremely  nervous  Fowler's  solution  should  be  given  for  from  two 
weeks  to  a  month  in  daily  doses  of  4  drams  either  in  the  drinking, 
water  or  the  grain. 

Animals  develop  the  loco  habit  primarily  as  a  result  of  a  lack  of 
palatable  nutritious  range  forage.  After  an  animal  has  once  acquired 
the  taste  for  loco  it  must  never  again  be  turned  on  a  range  where  the 
loco  is  found  growing.  In  order  to  reduce  the  chances  of  sheep  develop- 
ing a  taste  for  the  plant,  they  should  be  grazed  in  open  formation, 
which  will  allow  natural  freedom  in  the  selection  of  their  forage  and 
they  should  be  allowed  to  bed  down  wherever  they  are  on  the  range 
at  night.  (See  Figure  21.)  When  shcQp  are  bedded  for  several  nights 
on  the  same  bed-ground  they  first  graze  out  all  of  the  most  desirable 
plants,  and  such  weeds  as  the  locos  are  left  until  the  last.  If  the  use 
of  the  same  bed-ground  is  continued  after  all  the  valuable  plants  have 
been  removed,  then  these  animals  will  be  forced  to  eat  the  loco  with  a 
very  good  chance  of  developing  the  loco  appetite.  Further,  when  a 
sheep  is  hungry  it  is  not  particular  about  what  it  eats.  Therefore,  all 
flocks  should  be  allowed  to  leave  the  bed-ground  just  as  early  as  pos- 
sible in  the  morning,  for  the  longer  they  are  kept  from  grazing  the 
Tnore  hungry  they  become  and  the  chances  for  their  grazing  the  loco 
correspondingly  increase.  Ewes  with  lambs  should  at  all  times  be 
allow^  to  graze  openly  and  quietly  because  lambs  are  inore  likely  to 
develop  the  loco  habit  than  are  the  old  ewes.  If  the  lambs  are  sepa- 
rated for  any  length  of  time  from  their  mothers,  due  to  close  herding, 
running  and  massing,  they  become  very  hungry  with  the  increased 
possibility  that  while  in  this  hungry  condition  they  will  eat  the  loco 
weed.  Salt  should  always  be  supplied,  so  that  the  animals  will  not 
develop  a  perverted  taste. 
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Thus,  in  order  to  keep  the  number  of  locoed  animals  down  to  a 
minimum,  they  should  be  grazed  openly,  with  little  running  or  massing 
taking  place,  should  be  permitted  if  possible  to  choose  their  own  bed- 
ground,  should  be  supplied  with  a  regular  and  liberal  amount  of  salt, 
and  allowed  to  graze  during  the  early  morning  and  evening  hours,  on 
range  where  there  is  an  abundance  and  variety  of  "good  forage  plants. 


Figure  22.    False  hellebore,  showing  the  manner  of  its  growth  and  the 
shape  of  its  leaves  and  flowers. 

FALSE  HELLEBORE 

(Veratrum  Spp.) 
The  common  names  by  which  this  plant  is  known  on  the  rano^e  are 
cow  cabbage,  wild  Indian  corn,  Indian  poke,  poke  root,  bear  corn,  and 
swamp  hellebore. 
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Description  of  the  Plant. 

A  tall  plant,  growing  from  two  to  six  feet  high ;  thick,  short  root- 
stocks;  leaves  broad,  clasping,  prominently  veined  and  plaited.  The 
stems  and  flowers  are  covered  with  a  fine  growth  of  hairs;  the  flowers 
are  a  greenish-yellow  or  greenish-white  in  color. 

Distribution  and  Habitat. 

This  plant  is  not  widely  nor  abundantly  distributed  in  Nevada. 
However,  it  is  found  quite  frequently  in  certain  mountain  country 
where  the  soil  is  of  a  rich  loamy  nature  and  is  supplied  with  a  liberal 
amount  of  water.  Thus  it  is  found  in  swampy  places,  along  streams 
and  in  wet  meadows.  Figure  22  shows  the  manner  of  its  growth  and 
the  shape  of  its  leaves  and  flowers. 

Animals  Wbich  Are  Poisoned. 

In  Nevada  the  only  animals  known  to  be  poisoned  by  eating  false 
hellebore  are  sheep.  Cattle  have  been  observed  to  eat  the  leaves  with 
no  ill  effects  after  they  have  been  frosted  and  turned  reddish-brown 
in  the  fall  of  the  year. 

Many  lambs  have  been  poisoned  because  they  ate  the  large  buds 
and  crowns  just  as  they  were  commencing  to  grow  in  the  spring. 
Many  cases  of  poisoning  have  been  observed  on  closely  grazed  ranges 
where  the  sheep  filled  up  on  the  false  hellebore  almost  exclusively, 
after  which  practically  all  the  sheep  in  the  flock  became  sick  and 
several  died. 

Symptoms. 

The  first  sjTuptoms  noted  are  extreme  salivation  accompanied  by 
vomiting  or  attempts  to  vomit.  With  many  animals  there  is  a  pro- 
nounced muscular  weakness,  muscular  tremors,,  spasms,  and  general 
paralysis.  The  breathing  in  all  animals  which  are  too  weak  to  be  able 
to  stand  is  shallow,  the  temperature  is  materially  reduced,  the  skin  is 
cold,  the  sight  impaired,  and  death  results  from  what  may  be  called 
suffocation. 

Methods  of  Handling  to  Reduce  Losses  from  False  HeUebore. 

With  the  exception  of  lambs  but  very  few  sheep  are  fatally  poisoned 
from  eating  the  false  hellebore.  However,  each  season  many  sheep 
are  made  violently  sick  because  they  fill  up  exclusively  on  this  plant. 
When  it  is  eaten  in  moderate  amounts  it  causes  no  ill  effects,  but 
when  animals  are  allowed  to  fill  completely  on  it,  then  poisoning  takes 
place.  In  order  to  avoid  this,  care  should  be  taken  to  allow  the 
animals  to  eat  it  onlv  moderately  or  else  not  at  all. 
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PLANTAS  VENENOSAS  A  OVEJAS  Y  A  GANADO  EN  LOS 
RANCHOS  DE  NEVADA 

ESPUELA  DE  CABAUiEBO  O  OONSdLIDA  BEAL.  (LABK8PUB.) 

Dos  generos  de  consolida  real  crecen  en  los  ranches  de  Nevada.  Se 
conocen  como  consolida  real  alta  y  consolida  real  pequena,  nombres 
comunes  basados  en  la  altura  de  la  planta. 

Las  consolidas  real  altas  son  plantas  erguidas  y  ramificadas  de  dos 
a  seis  pies  de  altura,  las  raices  son  grandes,  hondas  y  bastante  leiiosas, 
con  una  o  mas  copas  de  que  se  generan  los  tallos.  La  forma  de  la  hoja 
se  ve  en  figura  1.  Las  flores  son  de  varios  tintes  de  azul  o  purpura  y 
tienen  una  forma  distintiva  a  causa  de  la  estructura  puntiaguda  del 
sepalo  superior  indicado  en  figura  2. 

La  consolida  real  pequeiia  genera  generalmente  un  solo  tallo  de  9 
a  12  pulgadas  de  altura.    Esta  planta  esta  indicada  en  placa  L 

Plantas  comunmente  iomadas  por  consolida  real. 
Las  dos  plantas  comunmente  tomadas  por  consolida   real   son  el 
geranio  silvestre  color  de  rosa  (wild  pink  geranium)  y   el   aconito 
(aconite). 

En  la  primavera  las  hojas  del  geranio  silvestre  se  asemejan  mucho 
a  la  consolida  real  a  causa  de  los  dos  pequenos  y  puntiagudos  apendices 
ihdicados  en  figura  2  que  no  se  encuentran  en  el  pecicolo  de  la 
consolida  real.  Si  se  apreta  la  hoja  del  geranio  el  aroma  carac- 
teristico  del  geranio  resulta.  La  hoja  de  la  consolida  real  no  tiene  este 
aroma.  La  hoja  del  geranio  esta  generalmente  cubierta  de  un  crecimi- 
ento  de  vello  pequeno,  fino  y  pardusco,  mientras  que  las  hojas  de  la 
consolida  real  son  cubiertas  de  una  copa  blanca  de  superficie  borrable, 
muy  parecida  a  la  de  ciruelas  y  de  uvas. 

El  aconito  se  diferencia  de  la  consolida  real  en  que  las  hojas 
superiores  del  aconito  son  mucho  mas  numerosas  y  casi  no  tienen 
vastagos.  Las  flores,  en  vez  de  ser  puntiagudas  como  las  de  la  consolida 
real,  son  cubiertas  con  una  caperuceta  como  se  ve  en  figura  2.  Esto  le 
da  el  nombre  Ingles  comun  de  "monkshood." 

Distribucion  y  regiones  donde  crecc  la  consolida  real. 

La  consolida  real  se  encuentra  en  casi  cada  rancho  de  la  mitad 
septentrional  de  Nevada.  Crece  en  lugares  bien  desaguados,  humedos 
y  margosos;  a  lo  largo  de  los  lechos  de  riachuelos;  en  los  campos 
abiertos  de  las  montanas;  y  sombreado  en  parte  por  grupos  de  alisos 
y  tiemblos. 

La  consolida  real  pequena  crece  en  suelos  bien  desaguados  pero  no 
demasiadamente  humedos  y  generalmente  a  plena  luz  del  sol.  Asi,  los 
cerros  de  las  montanas  y  los  ranchos  de  artemisia  fronterizos  son  los 
dos  lugares  tipicos  donde  la  consolida  real  pequeiia  mas  abnnda. 

Animales  que  se  envenenan  por  consolida  real, 
Kn  las  condiciones  comunes  de  los  ranchos  solo  el  ganado  se  envenena 
por  la  consolida  real. 

Paries  venenosas  de  la  planta. 
Las  plantas  de  consolida  real  alta  que  son  la  causa  de  la  mayor  parte 
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de  las  p6rdidas  son  bien  arraigadas,  y  cuando  los  animales  se  las 
apacentan,  es  casi  una  imposibilidad  f  isica  que  las  raices  se  desarraigen 
eon  la  planta.  Por  consiguiente,  se  comen  solo  las  partes  superiors 
y  verdes. 

Pruebas  de  alimentacion  indican  que  el  veneno  no  se  eneuentra  en 
las  raices  pero  en  la  parte  superior  de  la  planta.  Las  semillas  forman 
la  parte  mas  venenosa,  despues  las  hojas,  y  ultimamente  los  tallos. 
Despues  de  que  la  planta  ha  florecido  el  veneno  desaparece  de  los  tallos 
y  de  las  hojas  y  se  concentra  en  las  semillas.  De  eso  resulta  que  el 
ganado  puede  comer  las  hojas  y  los  tallos  de  la  consolida  real  despues 
de  que  ha  florecido  y  producido  las  semillas.* 

Cantidad  de  consolida  real  precisa  para  matar. 
La  consolida  real  es  m4s  venenosa  durante  su  desarroUo  temprano 
de  Abril,  Mayo  y  Junio.  En  cuanto  que  envejece  se  vuelve  menos 
venenosa  y  para  matar  necesita  mucho  mas  de  la  planta  que  durante 
el  primer  periodo  de  desarroUo.  Despues  de  que  la  consolida  real  alta 
ha  florecido,  pierde  su  calidad  venenosa  y  el  ganado  puede  comerla  sin 
gran  peligro  de  hacerse  dano.  Pruebas  de  alimentacion  demuestran 
que  necesita  de  cons61ida  real  2^2  a  3  por  ciento  del  peso  del  animal 
para  matarlo. 

Sintoma^  de  enveiienamiento  por  consolida  real. 
En  los  terrenos  de  pasto  la  caida  del  animal  es  el  primer  sintoma  que 
se  observa  y  si  el  envenenamiento  ha  sido  grave  el  animal  no  puede 
ponerse  en  pie  otra  vez  y  muere.  Pero,  la  mayor  parte  de  los  animales, 
despu^  de  caer  por  primera  vez,  se  ponen  en  pie  y  andan  con  las 
piemas  traseras  muy  apartadas.  Tambalean  mfis  o  menos  y  hay  poco 
o  no  movimiento  en  las  articulaciones  de  las  piemas.  Cuando  cae  el 
animal,  lo  hace  de  una  manera  tlpica ;  en  genera]  las  piemas  delanteras 
se  aflojan  primeramente,  entonces  el  animal  se  sostiene  en  que  apoya 
la  barba  o  el  lado  de  la  cabeza  en  el  suelo.  En  los  casos  muy  graves  el 
animal  se  reposa  tendido  en  el  suelo  y  alza  la  cabeza  de  cuando  en 
cuando,  mientras  que  en  los  casos  menos  graves  sostiene  la  cabeza 
erguida.  Cuando  esta  de  pie  se  verifica  un  temblor  por  todo  el  cuerpo 
del  animal,  especialmente  alrededor  de  la  nariz  y  de  la  bpca.  Estas 
contracciones  de  los  musculos  se  nota  tambien  alrededor  de  los  hombros, 
de  las  caderas  y  de  los  costados.  Con  frecuencia  hay  un  eructo  de  gas 
y  un  esfuerzo  pof  el  animal  para  vomitar.  Hay  un  babear  o  babosear 
considerable.    Casi  invariablemente  hay  constipacion. 

Metodo  curativo. 
Despues  de  que  el  animal  ha  caido  no  debe  ser  perturbado  a  menos 
que  no  yace  en  suelo  barrancoso.  En  este  caso  hay  que  poner  la  cabeza 
mas  alto  que  el  cuerpo  para  dejar  respirar  m&s  facilmente  al  animal. 
El  metodo  de  tratamiento  comun  de  sangrar  el  animal  no  debe  ser 
empleado.  Si  el  animal  tienta  de  vomitar  se  puede  concluir  que  ha 
tomado  una  dosis  fatal  y  no  se  puede  hacer  nada  para  salvarlo.  Gene- 
ra Imente  hay  buena  esperanza  de  recuperacion  si  se  deja  yacer  el 
animal  tan  quieto  que  posible  y  se  le  da  el  tratamiento  siguiente : 

"Physostigmin  salicylate" 1  gramo, 

"Pilocarpin  hydrochlorid" 2  gramos, 

"Strychnine  sulphate'' i  gramo. 
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Se  administra  esto  de  la  misma  manera  que  el  vacunar  contra  mor- 
rioanegra  (blackleg).  Se  emplea  una  jeringa  hipod^rmica  de  4 
dracmas  en  la  operacion.  Es  preferible  disolver  la  tableta  en  agua 
clara  y  limpia  y,  si  es  posible,  hervida.    No  se  repite  la  dosis. 

Metodos  de  manejo  de  gaitaderla  para  reducir  las  perdidas  por 
consolida  real. 

Cuando  se  eneuentra  la  consolida  real  en  pedazos  de  terreno  bien 
mareados,  el  metodo  m&s  sencillo  para  prevenir  perdidas  es  bien 
desherbar.  Se  deshierba  la  planta  al  menos  6  pulgadas  debajo  de  la 
superficie  del  suelo.  El  precio  medio  para  eso  no  debe  superar  5  a  8 
duros  por  acre. 

En  algunos  ranchos  es  practicable  primeramente  dejar  las  ovejas 
pastar  en  los  terrenos  de  consolida  real  hasta  que  la  vitalidad  de  las 
plantas  es  muy  reducida.  Mientras  tanto  se  reserva  los  terrenos  no 
infestados  para  el  ganado. 

En  todos  los  ranchos  se  debe  siempre  proveer  sal  liberalmente. 
Donde  hay  consolida  real  es  preferible  establecer  terrenos  de  saladura 
a  bastante  distancia  de  los  terrenos  infestados  por  las  plantas  venenosas. 
Asi  el  ganado  no  se  congrega  donde  la  consolida  real  abunda. 

Es  preciso  nunca  conducir  ganado  muy  hambriento  por  terrenos  de 
consolida  real.  Mientras  que  el  estomago  est4  vacio  los  animales  comen 
muchas  plantas  que  generalmente  no  tocan ;  y  como  la  cons61ida  real 
no  es  una  planta  sabrosa  el  riesgo  de  perdidas  es  muy  aumentado 
cuando  los  animales  estkn  hambrientos. 

DEATH  CAMAS.  (ZYOADENUS.) 

Los  otros  nombres  comunes  aplicados  a  "death  camas''  en  los  ranchos 
de  Nevada  son  "poison  wild  onion,"  "poison  sego,"  "poison  camas," 
"mystery  grass"  y  "lobelia."  Sin  embargo,  "death  camas"  es  el 
nombre  mfis  comun  y  el  que  se  debe  emplear. 

Descripcion  de  la  planta. 
** Death  camas"  es  una  planta  erguida  que  genera  5  a  7  hojas 
formadas  como  hierba  gruesa.  Crece  de  un  bulbo  de  tongas  puesto  de 
2y2  a  6  pulgadas  en  el  suelo.  Este  bulbo  es  de  1/2  a  ll^  pulgadas  de 
espesor  y  es  cubierto  de  envolturas  finas  parecidas  a  papel  como  se  ve 
en  figara  4.  Las  hojas  son  de  6  a  18  pidgadas  de  largo  por  un  poco 
menos  de  media  pulgada  de  ancho  y  tienen  semejanza  a  hierba  con 
lomo  proyectante  como  una  quilla  de  barco  en  el  lado  inferior.  Tienen 
macho  mas  )ugo  y  son  mas  espesas  que  las  hojas  de  hierba  comunes. 
No  hay  tallo  bien  marcado  y  las  hojas  aparecen  como  si  viniesfen  de  la 
superficie  del  suelo.  Las  flores  son  de  color  amarillo-verdusco  o  bianco, 
de  euarta  pulgada  mds  o  menos  de  ancho  y  producen  un  racimo  de 
flores  que  es  de  3  a  10  pulgadas  de  largo,  En  placa  II  se  ve  la 
apariencia  tipica  de  "death  camas." 

Plantas  frecuentemente  tomadas  por  "death  camas  J* 
Se  confusa  el  "death  camas"  comunmente  con  la  ceboUa  silvestre 
(wild  onion).  El  bulbo  y  las  hojas  de  "death  camas"  no  tienen,  sin 
embargo,  el  aroma  de  la  cebolla  silvestre  y  todas  las  flores  de  6sta  crecen 
de  una  sola  punta  en  la  extremidad  del  pedunculo,  mientras  que  las 
flores  de  "death  camas"  se  generan  al  lado  del  pedunculo  como  se  ve 
enfiguraB. 
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Distribucion  y  regiones  donde  crece  el  '^death  camas,*' 
El  **  death  camas"  se  encuentra  en  casi  todos  los  ranehos  de  Nevada 
y  los  terrenos  en  que  florece  son  inyariablemente  humedos  durante  la 
primavera.  Los  lugares  principales  en  que  se  lo  encuentra  son:  (1) 
de  artemisia,  (2)  de  hierba,  (3)  prados  y  (4)  terrenos  tipieos  de  mala 
liierba  donde  la  vegetacion  consiste  en  plantas  vistosas  que  producen 
flores.  Se  lo  encuentra  en  los  rancbos  a  mediados  de  Marzo  y  al  fin  de 
Junio  ha  muerto  generalmente  y  el  peligro  de  la  planta  ha  desaparecido. 

Animales  que  se  envenenan, 
Esta  planta  es  venenosa  a  todas  clases  de  ganado  y  especialmente  a 
ovejas.     Los  caballos  comen  raramente  bastante  para  causar  muerte 
pero  a  veces  hay  perdidas  de  vacuno  cuando  este  pasa  en  condicion 
hambrienta  por  el  rancho. 

Partes  venenosas  de  la  planta. 
Todas  partes  de  la  planta  son  venenosas  pero  comunmente  los  ani- 
males comen  las  flores  y  las  hojas  mientras  que  el  bulbo  esta  muy  hondo 
en  el  suelo  y  rara  vez  se  lo  arrancan. 

Caniidad  necesaria  para  matar, 
Un  animal  muy  hambriento  se  envenena  facilmente.     En  el  rancho 
una  oveja  de  un  peso  de  100  libras  mas  o  menos  tiene  que  comer  de 
V/j  a  5  libras  de  la  planta  para  envenenarse ;   para  matar  un  cordero 
necesita  proporcionalmente  menos. 

Sintomas  de  envenenamiento  por  '^death  camas/^ 
Cuando  una  oveja  se  envenena  por  "death  camas''  el  primer  sintoma 
que  se  nota  es  que  la  andadura  del  animal  es  muy  rigida,  especialmente 
la  de  las  piernas  traseras.  Cuando  el  animal  cae  lo  hace  comunmente 
con  la  cabeza  antes,  las  piernas  delanteras  siendo  mas  debiles  que  las 
traseras. 

En  casos  muy  graves  el  animal  yace  tendido  en  el  suelo  con  respira- 
cion  lenta  y  fatigosa.  De  repente  respira  muy  rapidamente  para  un 
rato  despues  de  que  vuelve  a  respirar  lentamente.  Con  frecuencia  hay 
un  babosear  de  la  boca  con  un  molimiento  de  los  dientes.  El  paladar 
es  de  color  azulado.  Casi  invariablemente  los  animales  envenenados 
vomitan.  Se  ha  notado  muchas  veces  que  los  animales  tendidos  en  el 
suelo  y  respirando  fatigosamente  de  repente  dan  fuertes  puntapies, 
tuercen  el  cuerpo  y  agitan  la  cabeza  como  si  fuesen  en  agonla.  Algunos 
mueren  asi  pero  la  mayor  parte  entran  en  un  estado  de  insensibilidad 
profunda  de  que  no  se  puede  despertarlos  y  asi  mueren. 

Medios  preventivos. 
Las  ovejas  muestran  gran  cuidado  en  el  escogimiento  del  forrajf 
mientras  que  pastan  tranquilamente  en  los  ranehos.  Pero  mientras 
que  se  las  conduce  de  un  lugar  a  otro  no  pueden  escoger  el 
forraje  y  asi  comen  todo  lo  que  no  es  enteramente  contra  su  gusto. 
Entonces,  si  hay  "death  camas"  se  lo  comen  en  cantidades  mas  grandes 
que  de  las  que  pueden  descartar  y  de  resultas  mueren.  Asi,  para 
evitar  perdidas  es  preciso  tratar  las  ovejas  de  manera  que  nunca  esten 
muy  hambrientas.  Si  se  las  conduce  de  un  terreno  de  pasto  a  otro  hay 
que  dejarlas  tan  tranquilo  que  posible  durante  una  hora  o  dos  por  la 
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manana  antes  de  moverlas.    Despues  de  eso  escogeran  su  forraje  con 
cuidado  de  resultas  que  las  perdidas  seran  muy  reducidas. 

Para  impedir  perdidas  es  muy  precise  conducir  las  ovejas  tan 
temprano  que  posible  de  los  terrenes  donde  duermen  porque  mas 
tiempo  que  tienen  que  quedarse  en  estes  terrenes,  mas  hambrientas 
estaran.  Asi  tendran  menos  cuidado  en  lo  que  comen  en  los  terrenos 
de  pasto. 

El  medio  general  de  manejar  ovejas,  especialmente  durante  la  prima- 
vera,  eonsiste  en  establecer  un  campamento  permanente  a  que  se  las 
conduce  todas  las  noches  hasta  que  todo  el  forraje  en  los  terrenos 
alrededor  del  campamento  ha  desaparacido  de  un  radio  de  2  o  3  millas. 
De  eso  resulta  que  las  ovejas  comen  todas  las  plantas,  las  venenosas 
antes  y  las  no  venenosas  despues  de  resultas  que  habra  perdidas.  En  vez 
de  este  medio  incorrecto  de  manejar,  seria  mejor  dejar  las  ovejas 
acostarse  por  donde  se  hallen  por  ventura  al  anochecer.  Asi  encon- 
traran  forraje  fresco  al  amenecer  y  los  casos  de  envenenamiento  seran 
muy  reducidos. 

Si  una  oveja  no  ha  recibido  sal  durante  una  semana  o  diez  dias 
desarrolla  un  apetito  anormal  y  come  plantas  que  regularmente  no* 
tocaria.    Asi  es  preciso  siempre  proveer  media  onza  de  sal  para  cada 
oveja  o  una  libra  mas  o  menos  diariamente  para  cada  treintena  de 
animales. 

ALTRAlffUZ  O  LTJPINO.   (LUPINES.) 

Los  lupinos  se  conocen  en  Nevada  bajo  varios  nombres  comunes. 
Se  los  llama  incorrectamente  "blue  bean,''  "wild  bean,"  "wild  alfalfa," 
y  "blue  pea." 

Descripcion. 

El  lupino  apartenece  a  la  familia  de  guisantes  y  es  una  planta 
erguida  de  6  pulgadas  a  3  pies  de  alto.  La  mayor  parte  de  las  especies 
de  Nevada  crecen  de  ano  en  ano  de  las  mismas  grandes  raices  honda- 
mente  colocadas.  Estas  raices  generan  varios  tallos,  las  hojas  de  los 
cuales  tienen  pedunculos  largos.  Hay  4  a  15  divisiones  de  hojas 
pequenas,  todas  creciendo  del  ramal  comun  como  se  ve  en  figura  8. 
Las  flores  son  sostenidas  en  macoUas  largas  y  tienen  una  forma  como 
las  del  guisante.  Son  de  varios  tintes  de  azul,  bianco,  rosado  y  amarillo. 
Las  vainas  contienen  una  o  mas  semillas  y  generalmente  son  cubiertas 
de  un  crecimiento  espeso  de  vello  corto  y  fino.  Este  vello  se  encuentra 
en  la  superficie  superior  de  las  hojas,  dando  a  la  planta  una  apariencia 
pardusca.  El  lupino  florece  del  principio  de  la  primavera  hasta  el  fin 
del  otono.  Grenera  la  mayor  parte  de  las  flores  y  de  las  vainas  durante 
lo8  meses  de  Julio  y  Agosto.  En  placa  III  se  ve  la  apariencia  tipica  del 
lupino. 

Distribucion  y  regiones  doyide  crece  el  lupino. 

El  lupino  es  una  de  las  plantas  mas  copiosamente  distribuidas  en  los 
ranches  de  Nevada.  Se  lo  encuentra  en  todas  las  elevaciones  bajas  y 
en  todos  los  tipos  de  suelo  con  excepcion  de  los  que  son  excesivamente 
humedos  o  aridos  o  los  que'  tienen  demasiado  alcali. 

Animales  que  se  envenenan. 

En   ciertas    condiciones    de    los    ranchos    los    lupinos    pueden    ser 

venenosos  a  todas  clases  de  ganado.    Las  perdidas  principales  resultan, 

sin  embargo,  cuando  las  ovejas  comen  el  lupino  despues  de  que  las 

semillas  se  han  formado  en  las  vainas.     En  el  otono  cuando  el  otro 
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f orraje  escasea  y  lo  que  se  queda  es  seco  el  lupino  aun  florece.  Entonces 
las  ovejas  se  lo  comen  y  de  resultas  se  envenenan.  Cuando  el  lupino 
tiene  semillas  en  las  vainas  es  preeiso  no  dejar  las  ovejas  pastar  en  el 
terreno  donde  se  lo  encuentra  a  no  ser  que  hay  otras  plantas  que  pre- 
fieran.  Sin  embargo,  por  todo  el  estado  de  Nevada  hay  un  insecto 
pequeiio  que  vive  en  las  vainas  del  lupino  y  se  alimenta  de  las  semillas. 
Entonces  las  vainas  aparecen  como  si  contuviesen  semillas,  pero, 
examinandolas  bien  se  ve  que  no  las  tienen  y  por  eso  no  son  venenosas. 

Partes  venenosas  de  la  planta. 

La  mayor  parte  de  las  perdidas  son  causadas  por  las  vainas  y  por  las 

semillas.    En  ciertas  condiciones  de  los  ranehos  todavia  no  bien  deter- 

minadas  las  hojas  y  las  partes  superiores  de  las  plantas  a  veees  causan 

nerdidas 

Cantidad  necesaria  para  matar. 

La  cantidad  que  un  animal  tiene  que  comer  para  envenenarse  es 
muy  variable.  Pruebas  de  alimentacion  muestran  que  para  una  oveja 
de  cien  libras  de  peso  necesita  14  ^  V2  libra  de  semillas  solo  y  aproxi- 
madamente  1^^  libras  de  vainas  y  semillas  juntas  para  matar. 

Siniomas  de  envenenamiento  por  lupino. 

El  sintoma  mas  comun  de  envenenamiento  por  esta  planta  se  ve  en 
la*  manera  de  que  respira  el  animal.  En  casos  agudos  0  severos 
respira  con  gran  dificultad.  Durante  estos  periodos  de  respiracion 
dificil  el  animal  se  tuerce  violentemente  y  con  gran  excitaci6n 
mental  o  corre  en  direccion  indefinida,  topezando  con  otros 
animales  del  rebano  o  con  cualquier  obstaculo  que  encuentra 
en  su  paso,  tal  que  morral,  arboles  o  rocas.  Acompanando  la 
respiraci6n  dificil  generalmente  hay  un  babosear  de  la  voca  y  el 
paladar  es  comunmente  de  color  azul.  Muchos  animales  mueren  en  un 
estado  de  espasmos  violentes. .  Otros  entran  en  un  sueno  profundo  de 
que  no  se  despiertan. 

En  casos  menos  agudos  la  respiracion  es  fatigosa  y  las  ovejas  se 
quedan  de  pie  o  reposen  en  un  sueno  profundo.  Otro  sfntoma  tipico 
consiste  en  que  las  orejas  se  inclinan  y  la  oveja  topeta  otros  animales 
o  obstaculos  con  la  cabeza.  Despues  de  que  el  animal  ha  pasado  el 
perlodo  de  respiraci6n  fatigosa  se  queda  temblante  por  todo  el  cuerpo. 
Figuras  10,  11,  12,  13  muestran  el  ademan  tipico  de  ovejas  envenenadas 
por  lupino.  » 

Metodo  de  manejar  ovejas  para  evitar  perdidas. 

Si  se  conduce  ovejas  que  estan  en  estado  hambriento  por  terrenes 
donde  florece  el  lupino,  ellas  comeran  rapidamente  las  plantas,  en 
particular  las  vainas  y  las  semillas,  en  cantidades  suficientes  para 
matar.  Por  esta  razon  es  preeiso  nunca  conducir  ovejas  en  estado 
hambriento  por  terrenos  donde  se  sabe  que  florece  cusdquier  planta 
venenosa.  Cuando  es  necesario  conducir  ovejas  una  distancia  con- 
siderable por  terrenos  infestados  por  lupino  es  muy  importante  dejar- 
las  pastar  antes  tranquilamente  durante  las  primeras  horas  del  dia. 
Despues,  en  vez  de  moverlas  rapidamente  con  perros,  hay  que  dejarlas 
esparcirse  tanto  que  posible  y  pasar  asi  por  los  terrenos  peligrosos. 

OICUTA.   (WATER  HEMLOCK.) 
Otros  nombres  comunes  para  esta  planta  son  "cowbane,"  "chirivia 
silvestre"  (wild  parsnip),  y  "chirivia  venenosa"  (poison  parsnip). 
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Descripcidn. 

La  cicuta  es  una  planta  que  florece  en  pantanos.  Es  de  2  a  6  pies  de 
altura.  Se  ramifrca  con  lisos  vastagos  huecos  de  color  verde  creciendo 
de  una  macolla  de  raices  gruesas  y  ahusadas  (figura  14)  que  tienen 
una  serie  de  particionBs  cruzadas  partiendo  el  interior  de  la  ralz  en 
camaras  pequenas  como  se  ve  en  placa  IV.  Esta  placa  muestra  una 
cicuta  tipica.  Las  hojas  son  doblemente  divididas  y  cada  hojilla  es 
estrecha  y  finamente  dentada  por  lo  largo  del  borde.  Genera  flores 
blanco-verdosas  en  macoUas  compactas  en  las  extremidades  de  las 
ramas. 

Planids  comunmente  tomadds  por  cicuta. 

Cuando  se  corta  la  raiz  de  la  cicuta  longitudinalmente  se  ve  las 
particiones  cruzadas  y  las  camaras  pequenas  ya  mencionadas.  Sin 
embargo,  hay  otras  plantas  que  tienen  la  misma  estructura  de  la  raiz, 
notablemente  el  anis  dulce  (sweet  anis)  y  la  berraza  (water  parsnip). 
El  anis  dulce  no  florece  en  suelos  muy  humedos  pero  se  lo  encuentra  a 
lo  largo  de  los  lechos  de  riachuelos  de  la  montana  y  en  lugares  tran- 
quilos  y  bien  sombreados.  Las  hojillas  del  anis  son  mucho  m&s  anchas 
que  las  de  la  cicuta.  El  anis  florece  durante  la  primera  parte  del  verano 
mientras  que  la  cicuta  no  florece  antes  de  pleno  verano.  El  anis  es 
muy  sabroso  y  no  envenena  el  ganado. 

La  berraza  crece  en  lugares  humedos  como  la  cicuta.  Pero,  se  puede 
facilmente  distinguir  esta  de  aquella  en  que  las  hojas  de  la  berraza  no 
se  ramifican  mientras  que  las  de  la  cicuta  son  divididas  o  ramiflcadas 
como  se  ve  en  flgura  15. 

Distribucion  y  terrenos  donde  florece  la  cicuta. 

La  cicuta  es  una  planta  que  florece  en  lugares  muy  humedos  como 
por  lo  largo  de  las  orillas  de  zanjas  de  regadura  y  de  riachuelos,  en 
pantanos  de  espadana  (tule)  y  en  prados  silvestres  de  heno.  No  tiene 
gran  esparcimiento.  No  se  la  encuentra  nunca  afuera  de  terrenos  muy 
humedos. 

Animales  que  se  envenenan. 

La  planta  es  muy  venenosa  para  todas  clases  de  ganado.  En  Nevada 
la  mayor  parte  de  las  p6rdidas  consiste  en  ganado  vacuno.  Raramente 
hay  perdidas  de  cabaUos  u  ovejas. 

Partes  venenosas  de  la  planta. 
Todas  partes  de  la  planta  son  venenosas  pero  las  raices  lo  son  mucho 
mas  que  las  verdes  partes  superiores. 

Cantidad  de  raiz  de  cicuta  necesaria  para'matar. 
.  Necesita  s61o  una  porci6n  pequena  de  la  raiz  de  la  planta  para  matar. 
La  mayor  parte  de  los  caaos  graves  relatados  eran  causadas  por  una 
porcion  de  la  raiz  de  grandor  de  un  huevo  de  gallina  o  menos. 

Sintomas  de  envenenamiento  por  cicuta. 
Los  primeros  sintomas  son :  (1)  contraccion  nerviosa  de  los  musculos 
de  la  boca  y  de  las  orejas;  (2)  generalmente  nausea  y  vomito  en  los 
CMOS  de  ganado  vacuno  y  de  ovejas;  (3)  un  babosear  cuantiosa  de  la 
hpea  y  un  temblor  por  todo  el  cuerpo;  y  (4)  espasmos  violentos  con 
un  atiesar  de  las  piemas  y  un  encorvar  haeia  atras  de  la  cabeza  y  del 
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cuello.     Los  intervalos  entre  los  espasmos  disminuyen  hasta  que  el 
animal  se  queda  insensible  y  al  fin  muere. 

Remedios. 
No  se  ha  encontrado  todavia  un  remedio  satisf actorio  y  eficaz  contra 
envenenamiento  por  cicuta.    Es  preciso  perturbar  el  animal  tan  poco 
que  posible  para  aumentar  la  suerte  de  su  recuperacion. 

Metodos  de  mane  jo  para  disminuir  perdidas  por  etc  tit  a. 
La  cicuta  tiene  tan  poca  distribucion  y  abundancia  que  es  muy  facil 
exterminarla  en  los  ranchos  donde  causa  perdidas  en  que  se  deshierba 
la  planta  y  las  raices  y  las  quema  o  las  entierra  hondamente.  En  los 
terrenos  de  pasto  es  muy  facil  reunir  las  ovejas  afuera  de  los  lugares 
donde  crece  la  cicuta  cuando  el  pastor  conoce  la  apariencia  de  la  planta. 

WESTERN  OOLDENBOD.   (SOLXDAGO.) 

Hay  dos  especies  de  "goldenrod"  que  causan  perdidas  en  Nevada. 
Todos  crecen  en  terrenos  de  heno  silvestre,  en  dehesas  permanentes  y 
en  campos  abiertos  y  bien  desaguados  de  las  montafias. 

Descripcion. 
Los  "goldenrods"  que  causan  perdidas  son  de  un  pie  o  mas  de  altura 
y  tienen  hojas  indivisas.  Alrededor  de  la  base  de  la  planta  las  hojas 
se  adelgazan  hacia  el  tallo.  Las  hojas  que  se  generan  en  el  tallo  son 
angostas,  dos  a  cuatro  veces  mas  largo  que  ancho  y  redondeadas  mas  o 
menos  en  perfil.  Las  hojas  que  se  generan  cerca  de  o  juntas  a  las 
flores  son  pequenas,  angostas  y  lianas.  Les  flores  son  amarillas  y 
crecen  en  macollas  espesas  al  cabo  de  un  vastago  ramificado.  Placa  V 
muestra  la  apariencia  tipica  del  "goldenrod."  Es  esta  especie  de  la 
planta  que  ha  causado  muchas  perdidas  en  Nevada. 

Bistrihucidn  y  terrenos  donde  crece  el  ^^goldenrod.*' 
En  Nevada  el  "goldenrod'*  crece  en  terrenos  de  heno  nativos,  en 
terrenos  de  pasto  bien  desaguados  y  en  campos  abiertos  y  prados  de 
las  montafias.    No  se  lo  encuentra  en  terrenos  aridos  de  artemisia  o  por 
donde  crecen  el  herbajo  y  la  hierba  seca. 

Animales  que  se  envenenan, 
Hasta  ahora  las  perdidas  notadas  consisten  solo  en  ovejas  que  habian 
comido  esta  planta  en  terrenos  de  pasto  o  mezclada  con  heno. 

Partes  venenosas  de  la  planta, 
Los  animales  comen  solo  la  parte  superior  de  la  planta,  especialmente 
las  hojas,  las  flores  y  los  tallos  tiernos. 

Cantidad  de  **goldenrod"  necesaria  para  matar. 
Algunas  ovejas  se  han  envenenado  en  que  habian  comido  1.1  libras 
de  la  planta  verde.  Otras  perdidas  han  resultado  de  que  los  animales 
habian  pastado  en  la  planta  que  era  mezclada  con  heno  o  la  habian 
comido  en  terrenos  de  pasto  donde  habia  una  abundancia  de  otras 
plantas.  Eso  prueba  que  la  planta  es  muy  venenosa  y  que  solo  una 
cantidad  pequeila  es  necesaria  para  matar. 
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Sintomas. 
Los  sintomas  primeros  consisten  en  salivacion  o  babosear  acompanado 
con  un  movimiento  continue  de  las  mandibulas  y  de  los  labios.  Hay 
tambien  un  movimiento  continuo  de  las  orejas  y  de  la  cabeza  con  una 
contraccion  recurrente  y  violenta  de  los  musculos  del  cuerpo.  Cuando 
ocurren  estas  contracciones  parece  que  el  animal  tentase  de  sacudir 
alguna  cosa  de  su  vellon.  Mientras  que  el  animal  se  sacude  asi  hay  un 
arqueo  fuerte  del  dorso.  Las  piernas  son  generalmente  muy  juntadas 
como  que  fuesen  recogidas  bajo  del  cuerpo.  Un  ruido  repentino 
causara  el  sacudir  del  vellon  ya  describido.  Las  contracciones  de  los 
musculos  principian  con  la  cara  y  con  la  cabeza,  entonces  pasan  pot*  el 
cuello  y  por  el  dorso  y  finalmente  afectan  las  piernas.  Despu^s  de  ser 
envenenados,  muchos  animales  dejan  el  rebano  sin  ningun  motivo  y  se 
ponen  en  marcha  en  una  condicion  aturdida,  plantando  los  pies 
delanteras  alto  y  con  la  cabeza  erguida.  Se  quedan  en  esta  posicion 
durante  un  minuto  o  mas.  Entonces  hay  un  estremecimiento  de  los 
musculos  de  las  piernas,  del  cuello  y  del  dorso  con  una  flaqueza  repen- 
tina  y  una  inconstancia  de  andadura.  La  oveja  cae  generalmente 
despues  y  entra  en  espasmos.  Las  pupilas  se  dilatan  y  los  sentidos  de 
vista  y  de  direccion  son  completamente  trastornados.  Tan  pronto  que 
cesan  los  espasmos  hay  un  mascar  de  las  mandibulas,  un  babosear,  un 
sacudir  continuo  de  la  cabeza  y  un  temblor  del  cuello.  Parece  que 
todos  los  animales  envenenados  tuvuisen  un  deseo  indomable  de  asir 
un  objeto,  tal  que  una  piedra  o  un  palito  y  masticarlo  durante  horas 
enteras.  ' 

Metodos  de  manejo  para  reducir  perdidas  por  ** goldenrod.^^ 
Perdidas  enormes  han  resultado  de  que  se  ha  dado  a  las  ovejas  del 
**goldenrod"  mezclado  con  heno.  Si  el  heno  es  destinado  para  ovejas 
es  preciso  determinar  los  terrenos  donde  crece  el  "goldenrod"  y  el 
heno  de  estes  terren6s  debe  ser  amontado  en  lugares  particulares  y 
dado  al  ganado  o  a  los  caballos,  animales  que  hasta  ahora  parecen  ser 
inmunes  de  los  efectos  venenosos  de  esta  planta.  Cuando  se  pasta  las 
ovejas  en  terrenos  donde  crece  el  "goldenrod'^  hay  que  dejarlas  la  mas 
grande  libertad  posible  en  su  seleccion  del  forraje.  Para  mantener  un 
apetito  normal  hay  que  darlas  sal  regularmente  y  en  abundancia. 
Precuentemente  el  "goldenrod"  crece  espesaraente  en  pedazos  de  ter- 
reno  particulares  de  resultas  que  es  muy  facil  pastar  las  ovejas  afuera 
de  estos  terrenos.  Para  hacer  eso  hay  que  conocer  bien  la  planta  y 
distinguirla  de  las  otras.  Placa  V  muestra  bien  la  apariencia  de  esta 
planta.  Cuando  se  seca  el  "goldenrod"  mezclado  con  heno  las  flores 
amarillas  generalmente  se  quedan  en  la  planta  de  resultas  que  es  muy 
facil  encontrarlas  si  acaso  se  sospecha  que  la  causa  de  perdidas  este  en 
♦'I  heno. 

BABBIT  BBUSH.   (TETBADTMIA.) 
Esta  planta  es  venenosa  durante  ciertas  sazones  del  ano  y  en  eiertas 
condiciones.     Recientemente  ha  cansado  la  perdida  de  unas  millares 
de  ovejas  en  la  parte  occidental  de  Nevada. 

Descripcion. 
El  "rabbit  brush"  es  un  arbusto  rigido  de  1  a  4  pies  de  altura.    Tiene 
ramos  delgados  y  desplegados.    Estos  ramos  son  blanqueados  por  vellos 
lanosos  y  esterados.    Las  hojas  son  lisas  y  verdes.    Las  hojas  sazonadas 
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son  delgadas  y  rematadas  en  punta  mientras  que  las  verdes  son 
gruesas  y  sin  punta.  Las  flores  son  amarillas  y  son  sostenidas  en 
macoUas.  Placa  VI  muestra  un  ramo  tipico  de  este  arbusto  y  en  figara 
17  se  ve  la  manera  tipica  de  su  crecimiento  y  de  su  ramificacidn.  El 
"rabbit  brush"  espinoso  se  encuentra  frecuentemente  creciento  junto 
con  el  "rabbit  brush"  antedicho.  Es  tambien  un  arbusto  y  de  3  a  4 
pies  de  altura.  Tiene  los  ramos  muy  separados.  Estos  son  cubiertos 
por  un  vello  espeso  y  blanqueado.  Tienen  espinas  derechas  o  curvas  en 
vez  de  las  hojas  principales.  Segun  lo  que  se  ya  sabe  el  "rabbit  brush" 
espinoso  no  es  venenoso. 

Distribuoion  y  terrenos  donde  crece  el  ^^rdbbit  brush/' 
Se  encuentra  el  "rabbit  brush"  en  terrenos  aridos  de  artemisia.  La 
vegetacion  caracteristica  con  que  crece  consiste  en  artemisia,  "bud 
sage,"  "white  sage,"  "shad  scale"  y  las  salivas  verdes  (green  sages). 
Frecuentemente  se  encuentra  el  "rabbit  brush"  donde  no  hay  otra 
vegetacion.    So  lo  encuentra  nunca  en  terrenos  montanosos. 

Animales  que  se  envenenan. 
Es  probable  que  s61o  las  ovejas  se  envenenan. 

Partes  venenosas  de  la  planta. 

Durante  la  primavera  este  arbusto  produce  pimpoUos  y  hojas  en  que 
pastan  las  ovejas.  Estas  partes  de  la  planta  han  sido  la  causa  de  las 
perdidas. 

Cantidad  de  "rabbit  brush''  necesaria  para  matar. 

Segun  lo  que  se  sabe  hasta  ahora,  una  oveja  para  envenenarse  tiene 
que  pastar  exclusivamente  en  esta  planta  hasta  que  el  estomago  estk 
casi  Ueno.  Las  hojas  verdes  y  tiernas  y  los  pimpollos  contienen  dos 
por  ciento  mds  o  menos  de  potasa,  un  veneno  fuerte.  Este  veneno 
puede  ser  la  causa  de  las  perdidas  de  ovejas.  La  mayor  parte  de  las 
perdidas  en  Nevada  consistia  en  animales  muy  hambrientos  o  tales  que 
eran  mantenidos  en  haciendas  durante  todo  el  inviemo  y  despues  eran 
conducidos  por  terrenos  donde  florecia  el  "rabbit  brush." 

Sintomas, 
Despues  de  que  una  oveja  se  ha  Uenado  el  estomago  con  v^stagos  de 
"rabbit  brush"  se  pone  muy  torpe.  Vacila  y  a  veces  cae  de  repente  en 
condicion  insensible  con  la  cabeza  torcida  a  un  lado.  Entonces  sigue 
un  espasmo  de  los  musculos.  Los  ojos  se  comban  y  saltan  a  la  vista. 
La  respiraci6n  es  muy  ligera.  La  nariz  y  la  cara  se  arrugan  como  si  la 
nariz  estuviera  obstruida  por  cualquier  obstaculo.  Los  animales  que 
estan  tendidos  en  el  suelo  casi  siempre  trituran  los  dientes  despues  de 
que  se  hinchan.  Hay  especialmente  un  hinchar  de  la  cabeza  y  de  las 
orejas  en  los  casos  de  muchos  de  los  animales  envenenados.  Un  moco 
rayado  por  sangre  viene  de  la  nariz.  El  animal  muere  generalmente 
en  un  rato  de  cinco  minutos  a  una  hora  despues  de  caer. 

Remedios, 
Cuando  una  oveja  esta  envenenada  por  "rabbit  brush"  hay  poco  que 
se  puede  hacer  para  curarla.  Generalmente  cuando  ha^  casos  de  este 
envenamiento  en  un  rebano  es  probable  que  muchos  animales  estkn 
tendidos  en  el  suelo  al  mismo  tiempo  asi  que  un  tratamiento  particular 
es  imposible. 
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Metodos  de  mane  jo  para  dismimiir  perdidas  por  "rabbit  brush" 
Es  posible  evitar  perdidas  casi  enteramente  en  que  se  pasta  los  ani- 
males  con  cuidado.  La  cosa  mks  import  ante  es  el  saber  que  las  ovejo^ 
eomen  esta  hierba  cuando  estan  muy  hambrientas  o  cuando  hay 
earestia  de  otro  forraje.  El  pastor  debe  aprender  como  se  distingue 
este  arbusto  a  primera  vista.  Cuando  ve  que  las  ovejas  pastan  casi 
exclnsivamente  en  las  partes  tiernas  y  verdes  de  esta  planta  debe 
inmediatamente  conducirlas  a  terrenos  donde  no  hay  "rabbit  brush." 
Es  esi>ecialmente  preciso  saber  esto  cuando  se  conduce  los  anipiales  de 
un  terreno  a  otro,  cuando  estan  en  terrenos  de  pasto  a  lo  largo  de 
ferrocarriles,  cuando  estan  en  los  corrales  de  esquilar  y  despu^s  de 
que  se  los  ha  transportado  una  gran  distancia  de  resultas  que  est&n 
muy  hambrientos. 

LOCO.     LOCO  WEED.  (ASTRAOALLUS  O  ABAOALLUS.) 

El  nombre  comun  de  esta  planta  viene  de  que  los  animales  enven- 
enados  parecen  como  si  fuesen  en  un  estado  de  locura. 

Descripcion, 
En  Nevada  hay  muchas  especies  diferentes  de  "loco,"  nigunas  de  las 
cuales  causan  grandes  perdidas.  Los  "locos"  apartenecen  a  la  familia 
de  ^isantes  y  tienen  la  flor  tipica  del  guisante.  Esta  flor  se  genera  en 
colocacion  apretada  cerca  de  la  extremidad  del  pedunculo  y  tiene  varios 
tintes  de  purpura,  de  amarillo,  de  bianco  y  de  rojo.  La  vaina  es  gene- 
ralmente  hinchada  en  apariencia  como  la  del  guisante  y  contiene  dos 
o  mas  semillas  pequenas.  Las  hojas  son  de  una  estructura  particular 
de  resultas  que  se  puede  facilmente  distinguir  el  "loco"  de  las  otras 
plantas  en  los  terrenos  de  pasto.  Estas  hojas  son  compuestas  de  muchas 
hojuelas  que  se  adhieren  a  los  dos  lados  del  pecicolo.  Hay  siempre  una 
hojuela  sobrante  en  la  extremidad  del  pecicolo  come  se  ve  en  figura  19. 

Distribucion  y  terrenos  donde  crece  el  "loco" 
Los  "locos"  son  muy  distribuidos  por  todo  el  estado  de  Nevada.    Se 
los  encuentra  en  todos  los  terrenos  de  pasto  con  excepcion  de  los  prados 
humedos,  los  terrenos  bien  arboleados  y  los  terrenos  llenos  de  ^Icali. 

Animales  que  se  envenenan, 
Todas  clases  de  animales  se  envenenan  por  "loco"  pero  las  ovejas  y 
los  caballos  son  mucho  mas  susceptibles  que  el  ganado  vacuno.  Las 
perdidas  en  Nevada  no  son  muy  importantes  y  ocurren  principalmente 
en  la  parte  meridional  del  estado  donde  hay  pocos  animales  en  los 
ranches  a  causa  de  la  carencia  de  agua  y  de  forraje. 

Sintomas. 

El  "loco"  afecta  los  animales  de  dos  maneras:  (1)  por  envenena- 
miento  agudo  despues  de  que  los  animales  mueren  en  pocos  dias  y  (2) 
por  envenenamiento  cr6nico  despues  de  que  viven  de  seis  meses  a  un 
ano  o  mas. 

El  sfntoma  mas  caracteristico  de  envenenamiento  por  "loco"  es  la 
falta  de  dominio  exacto  sobre  los  musculos  de  resultas  que  la  andadura 
del  animal  es  muy  semejante  a  la  de  un  borracho.  El  sentido  de  la 
vista  se  afecta  y  el  animal  no  puede  juzgar  correctamente  el  tamano  y 
la  distancia  de  objetos.  En  los  casos  mas  graves  se  queda  enteramente 
ciego  y  el  oido  se  afecta  frecuentemente  de  un  modo  que  el  animal  no 
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puede  detenninar  de  que  direccion  viene  un  sonido.  El  ganado  vacuno 
y  los  caballos  llevan  la  cabeza  bajo  generalmente,  el  pelo  deviene  may 
aspero  y  la  andadura  es  muy  vacilante  y  lenta.  En  el  easo  de  ovejas 
con  frecuencia  hay  un  arrojar  de  la  lana  general  o  en  pedazos.  El 
dorso  es  muy  arqueado  y  especialmente  hay  un  estremecimiento  de  las 
piernas  y  de  las  rodillas.  Es  casi  imposible  retener  las  ovejas  envenen- 
adas  en  rebanos  o  conducirlas  en  una  direccion  determinada.  Muchas 
veces  el  sentido  de  la  vista  se  afecta  tanto  que  no  pueden  ir  adelante 
con  el  rebano  de  resultas  que  se  las  encuentra  despues  muertas  per  loe 
barrancos  o  ahogados  en  los  riachuelos  o  en  los  abrevaderos. 

Un  resultado  del  pastar  casi  exclusivamente  en  "loco"  es  que  al  fin  el 
animal  muere  de  debilitacion  y  de  hambre.  Un  animal  envenenado  asi 
se  pone  al  fin  muy  abatido,  los  ojos  son  humedos  y  generalmente  se 
queda  abandonado  por  hombres  y  por  bestias.  Se  queda  durante  dias 
y  aun  semanas  en  un  terreno  pequeno  sin  agua  y  con  poco  forraje  hasta 
que  la  muerte  lo  relieve. 

Metodos  de  mane  jo  para  reducir  perdidas  por  ^^  loco  J' 
Los  "locos"  capables  de  causar  los  sintomas  caracteristicos  son  muy 
ingustables  y  los  animales  los  tocan  raramente  excepto  cuando  estan  muy 
harabrientos  o  estan  en  terrenos  de  pasto  bien  apacentados  o  por  donde 
el  "loco"  es  la  planta  predominante.  En  estas  condiciones  los  animales 
comen  el  "loco"  por  fuerza.  Cuando  han  desenvolvido  un  apetito 
para  esta  planta  se  la  comen  con  preferencia  a  todo  el  otro  forraje. 

Cuando  los  animales  pastan  en  terrenos  infestados  por  "loco"  hay 
que  guardarlos  bien  y  tan  pronto  que  principian  a  dar  signos  de  ser 
envenenados  es  precise  separar  los  que  son  asi  envenenados  de  los  otros 
animales  del  rebano,  ponerlos  en  vallados  y  engordarlos.  Si  eso  no  es 
posible  es  preciso  conducirlos  a  terrenos  de  pasto  donde  no  hay  "loco.'' 
Los  animales  desarrollan  el  habito  de  comer  "loco"  cuando  hay  carestia 
de  forraje  sabroso  y  nutritivo.  Despues  de  que  un  animal  ha  adquirido 
el  gusto  para  "loco"  no  se  debe  nunca  dejarlo  correr  por  terrenos  donde 
crece  esta  planta.  Para  evitar  que  las  ovejas  desarrollen  el  gusto  para 
"loco"  es  preciso  pastarlas  en  formacion  abierta  y  dejarlas  gran  liber- 
tad  en  su  escogimiehto  del  forraje.  Tambien  es  importante  dejarlas 
pasar  la  noche  por  donde  se  encuentran  al  anochecer  y  no  conducirlas 
a  un  campamento  particular. 

Cuando  las  ovejas  pasan  algunas  noches  en  el  mismo  terreno  es 
natural  que  pastan  antes  en  las  plantas  mas  sabrosas  y  dejan  las  otras, 
tales  que  los  "locos"  hasta  al  fin.  Si  continuan  a  pastar  en  el  mismo 
terreno  hasta  que  no  hay  mas  plantas  sabrosas  el  resultado  es  que 
entonces  comen  el  "loco"  por  fuerza  y  asi  desarrollan  el  gusto  para 
esta  planta  venenosa.  Ademas  de  eso,  cuando  el  animal  esta  muy  ham- 
briento  no  es  muy  escrupulosa  en  el  escogimiento  de  su  forraje.  Por 
eso  es  importante  conducir  los  rebanos  de  los  terrenos  donde  duermen 
tan  temprano  que  posible  porque  mas  tiempo  que  se  quedan  en  estos 
terrenos  mas  hambre  tendran  de  resultas  que  la  probabilidad  de  que 
comeran  del  "loco"  sera  muy  aumentada.  Especialmente  hay  que 
pastar  los  corderos  con  cuidado  porque  desarrollan  el  gusto  para 
"loco"  mas  facilmente  que  los  animales  mas  viejos.  Si  se  separa  los 
corderos  de .  sus  madres  para  algun  rato  durante  que  se  pasta  los 
rebanos  apretadamente  el  resultado  es  que  los  corderos  devienen  muy 
hambrientos  y  en  esta  condicion  la  probibilidad  que  comeran  el  "loco" 
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es  muy  aumentada.    Es  importante  siempre  proveer  bastante  sal  para 
que  no  desarroUen  apetitos  perversos. 

EL]dBOBO  SEUDO.  (FALSE  HELLEBORE.) 

Los  nombres  comunes  en  los  ranchos  para  esta  planta  son:  "cow 
cabbage,"  "wild  Indian  corn,"  "Indian  poke,"  "hierba  fetida"  (skunk 
cabbage),  "bear  corn"  y  "swamp  hellebore." 

Descripciati, 
Esta  planta  es  de  2  a  6  pies  de  altura  y  tiene  raices  gruesas  y  cortas. 
Las  hojas  son  anchas,  abrazadas,  veteadas  y  aleehugadas.  Las 
Acres  y  los  tallos  son  cubiertos  de  un  vello  fino.  Las  flores  son  de 
color  amarillo-verdusco  o  blanco-verdusco  y  amarillo.  Figura  22 
muestra  el  eleboro  seudo  como  florece  en  los  ranchos. 

Distribucion  y  terrenos  donde  crece  el  eleboro  seudo. 
Esta  planta  no  es  muy  distribuida  en  Nevada.     Sin  embargo  se  la 
encuentra  frecuentemente  en  ciertos  terrenos  montanosos  donde  el  suelo 
es  fertil  y  margoso  y  donde  hay  gran  cantidad  de  agua. 

Animates  que  se  envenenan, 
De  lo  que  se  sabe  hasta  ahora  solo  las  ovejas  se  envenenan.     Se  ha 
notado  algunos  casos  de  envenenamiento  en   ranchos  bien  pastados 
donde  las  ovejas  habian  comido  vorazmente  el  eleboro  seudo  de  resultas 
que  todas  se  envenenieron  y  algunas  murieron. 

Sintatnas  de  envenenamiento  por  eleboro  seudo. 
El-  primer  sintoma  notado  consiste  en  una  salivacion  copiosa 
acompanada  por  un  vomitar  o  un  tentar  de  hacerlo.  En  los  casos  de 
muchos  animales  hay  una  gran  flaqueza  de  los  musculos,  estremecimien- 
tos,  espasmos  y  una  paralisis  general.  En  los  casos  de  todas  las  ovejas 
envenenadas  y  demasjado  debiles  para  quedarse  en  pie  la  respiracion 
es  floja,  la  temperatura  muy  reducida,  la  piel  fria  y  la  vista  afectada. 
La  muerte  por  sofocacion  resulta  finalmente. 

Metodos  de  mane  jo  para  reducir  perdidas  por  eleboro  seudo. 
Las  perdidas '  consisten  generalmente  en  corderos.  Para  evitar 
perdidas  por  eleboro  seudo  hay  que  dejar  las  ovejas  comerlo  solo 
moderadamente  o  de  ningun  modo.  Como  la  plante  crece  en  areas  bien 
definidas  es  enteramente  practicable  evitar  que  los  animales  pasten  en 
ella  exclusivamente  y  asi  no  comeran  bastante  para  hacerse  dafio. 
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IRRIGATION   OF   FIELD  CROPS   IN   NEVADA 

Bj  C.  S.  Knight  and  Gbobge  Habdman 


INTBODXJOnON 

The  approximate  area  of  land  in  the  State  of  Nevada  is  70,285,440 
acres.  Of  this  amount  about  900,000  acres,  or  1.3  per  cent,  were  irri- 
gated in  1918.  The  State  abounds  in  rich  agricultural  land,  but  the 
lack  of  additional  water  for  irrigation  prevents  the  cultivation  of 
regions  which  are  now  lying  idle  as  waste  desert  areas.  To  increase 
the  area  of  irrigated  land  it  becomes  necessary  either  to  furnish  addi- 
tional water  by  means  of  artesian  wells  or  pumping,  or  to  make  a  more 
conservative  use  of  the  present  water  supply.  The  irrigation  experi- 
ments at  the  Nevada  Station  deal  chiefly  with  the  latter  of  these  two 
methods. 

Alfalfa,  wheat,  and  potatoes  are  three  of  the  most  important  culti- 
vated crops  grown  in  Nevada.  Practically  all  of  the  alfalfa,  most  of 
the  wheat,  and  all  of  the  potatoes  are  grown  under  irrigation.  In  the 
course  of  the  last  nine  years  the  acreage  of  alfalfa  in  this  State 
increased  from  89,000  to  about  145,000  acres,  or  over  60  per  cent ;  and 
the  yield  from  235,000  to  about  500,000  tons,  or  an  increase  in  produc- 
tion of  112  per  cent.  In  1918  about  80,000  acres  of  wheat  were  raised 
in  Nevada,  with  a  production  of  about  2,000,000  bushels.  Approxi- 
mately one-third  of  the  crop  was  grown  in  Humboldt  County,  and  over 
80  per  cent  in  Humboldt,  Washoe,  Churchill,  Lyon,  and  Douglas  Coun- 
ties. The  potato  crop  for  the  same  year  amounted  to  about  15,000 
acres,  with  a  production  of  approximately  75,000  tons.  Over  60  per 
cent  of  this  crop  was  produced  in  Lyon,  Churchill,  Washoe,  and  Douglas 
Counties. 

A  large  part  of  the  acreage  of  these  crops  in  Nevada  receives  too 
much  water  to  obtain  the  best  yield  and  quality  of  crops,  and  for  main- 
taining high-producing  soils.  The  common  practice  in  Nevada  is  to 
irrigate  alfalfa  at  re^ar  intervals  with  little  regard  to  the  actual 
needs  of  the  crop  for  water,  or  to  the  possible  injury  to  the  soil  by 
excessive  irrigation.  It  is  important,  therefore,  that  the  proper  method 
of  irrigation  and  the  best  time  and  depth  of  application  be  known. 
Furthermore,  in  years  of  water  shortage  irrigations  should  be  omitted 
at  those  stages  of  growth  when  the  crop  is  least  affected.  Pumped 
water  is  expensive  as  compared  with  surface  water ;  hence,  it  is  of  value 
to  the  grower  to  know  the  least  amount  of  water  necessary  to  obtain 
the  best  results  with  the  various  crops.  Since  the  supply  of  water  is 
strictly  limited  and  the  supply  of  irrigable  land  is  practically  unlim- 
ited, it  becomes  of  vital  importance  to  the  State  to  have  authentic 
information  on  the  most  economical  amounts  of  water  to  apply,  con- 
sistent with  profitable  returns. 

In  view  of  the  above  facts,  a  series  of  experiments  has  been  conducted 
during  the  last  five  years  by  the  Nevada  Agricultural  Experiment 
Station  comparing  the  different  methods  of  application  to  determine 
the  amount  of  water  required  and  the  best  time  to  apply  water  to  the 

Noo-^The  anthon  are  indebted  to  J.  B.  Menardi  who  aBsisted  in  the  field  work  during  the 
three-year  period.  1914-1917 ;  abo  to  F.  L.  Bixby,  Senior  Irrigation  Engineer,  U.  S.  Department 
of  Agriealtore,  for  vahiable  luggestions,  assistance,  and  diagrams. 
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crop  to  obtain  the  most  favorable  results ;  at  which  stage  or  stages  of 
growth  an  application  may  be  eliminated  without  seriously  affecting 
the  yield  of  grain ;  and  also  the  most  practical  depths  of  applications 
when  only  two  irrigations  are  possible.  The  average  results  of  experi- 
ments on  the  irrigation  of  wheat,  alfalfa,  potatoes,  red  clover,  and 
sugar-beets,  together  with  results  of  earlier  work  on  alfalfa,  wheat,  and 
barley,  are  given  in  this  bulletin. 

NEVADA  WATEB  SUPPLY  AND  DBAINAaE  ABEAS 

Nevada  lies  almost  wholly  within  the  Great  Basin.  In  fact,  with  the 
exception  of  small  streams  tributary  to  the  Snake  River  in  the  north- 
eastern section  of  Nevada  and  some  branches  of  the. Colorado  River  in 
the  southeastern  section,  the  rivers  drain  into  the  interior  of  the  State. 
These  rivers  are  fed  from  the  snowfall  on  the  mountains  of  Nevada  and 
the  eastern  slope  of  the  Sierra  in  California.  The  Humboldt,  Truckee, 
Carson,  Walker,  and  Muddy  are  the  principal  rivers  supplying  water 
for  irrigation. 

Humboldt  Biver. 

This  river  has  a  length  of  350  miles  of  air  line,  but  measured  in  its 
irregular  course  it  traverses  a  distance  of  about  1,000  miles.  The  melt- 
ing snows  of  the  Ruby,  East  Humboldt,  Independence,  and  Diamond 
ranges  are  the  sources  of  this  river ;  it  drains  into  the  Humboldt  Sink 
at  the  lower  end  of  the  Lovelock  Valley.  This  stream  has  a  drainage 
basin  of  13,800  square  miles,  all  within  Nevada.  More  than  50  per  cent 
of  the  irrigated  area  in  this  State  receives  its  water  from  the  Humboldt 
River. 

Truckee  Biver. 

This  is  the  most  northerly  river  on  the  eastern  slope  of  the  Sierra 
emptying  into  the  Great  Basin.  It  receives  its  water  supply  chiefly 
from  mountain  lakes,  which  are  fed  by  the  melting  snow  of  the  Sierra 
in  California.  It  is  the  outlet  of  Lake  Tahoe,  which  has  an  elevation  of 
6,225  feet  and  covers  an  area  of  193  square  miles.  The  course  of  the 
Truckee  is  about  110  miles  long,  in  which  distance  it  has  a  total  fall  of 
2,350  feet.    It  has  a  drainage  basin  of  2,310  square  miles. 

Carson  Biver. 

This  river  is  formed  by  the  East  and  West  Forks,  which  receive  their 
water  supply  from  the  melting  snow  on  the  eastern  slopes  of  the  Sierra 
Nevada  in  California.  The  river  is  about  120  miles  long  and  has  a 
total  fall  of  1,900  feet.  It  has  a  drainage  basin  in  Nevada  of  988 
square  miles. 

Walker  Biver. 

This  is  the  most  southerly  river  draining  from  the  Sierra  Nevada 
into  the  Great  Basin.  It  is  formed  by  the  East  and  West  Porks,  whose 
basins  are  separated  by  the  Sweetwater  range  of  mountains.  The  East 
Fork  is  fed  by  the  melting  snows  from  the  eastern  slope  of  the  Sweet- 
water range  and  the  western  slope  of  the  Walker  River  range,  while 
the  West  Fork  drains  part  of  the  eastern  slope  of  the  Sierra.  This 
river  is  about  120  miles  long,  has  a  total  fall  of  1,600  feet,  and  a  drain- 
age basin  of  2,420  square  miles. 
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Muddy  River. 

The  Muddy  River  is  located  in  the  southeastern  part  of  Nevada.  It 
receives  its  supply  of  water  from  constantly  flowing  springs  in  Arrow 
Canyon,  and  drains  into  the  Virgin  River,  a  tributary'  of  the  Colorado 
River.  It  has  been  estimated  that  the  average  annual  flow  of  the  river 
is  about  28,000  acre-feet  of  water. 

Small  Streams  in  Northern  Nevada. 

The  small  streams  in  northern  Nevada  furnish  water  for  about  14 
per  cent  of  the  total  irrigated  area.  The  principal  streams  are  the 
White  River,  Duck  Creek,  Steptoe  Creek,  Salmon  River,  Bruneau 
River,  and  Owyhee  River.  The  White  River  is  75  miles  long,  and  has 
an  average  annual  run-off  of  about  28,000  acre-feet.  Duck  Creek  and 
Steptoe  Creek  supply  Steptoe  Valley,  and  the  Salmon,  Bruneau,  and 
Owyhee  irrigate  a  considerable  area  in  Nevada  before  emptying  into 
the  Snake  River  basin. 

Artesian  Wells  in  Sonthem  Nevada. 

In  southern  Nevada  about  100  artesian  wells,  which  develop  flows  at 
from  200-  to  400-feet  depths,  furnish  the  water  supply  for  the  irriga- 
tion of  a  considerable  area,  the  greater  portion  of  which  is  located  in 
the  Las  Vegas  and  Pahrump  Valleys. 

Washoe  Lake. 

By  means  of  large  pumping  plants  several  thousand  acres  of  land 
have  been  placed  under  intensive  cultivation  with  the  water  from 
Washoe  Lake.  The  water  is  elevated  from  40  to  125  feet  by  the  dif- 
ferent plants. 

IBBiaATED  ABEA  IN  NEVADA 
The  following  table  taken  from  the  twelfth  and  thirteenth  census  of 
the  United  States,  shows  the  total  irrigated  area  in  Nevada  for  1900 
and  1910,  with  the  increase  in  per  cent  for  the  ten-year  period : 

iBBioATED  Area  by  Counties  in  Nevada — Acreage 

County  1900  1910        Increase  per  cent 

The  State ^ 504,168  701.833  39.2 

Churchill 29.533  35,114  18.9 

Clark ^ (•)  8.110                

Douglas 25,861  32.181  24.4 

Elko ^ 156,446  183,552  17.3 

Esmeralda** 6,181  14.01 1  1 26.7 

Eureka 21,831  18.715  14.3 

Humboldt 124.959  207,753  66.3 

Lander 18.8(«  23.342  24.1 

Lincoln* 9,962  9,907  (•) 

L3'0n 32,422  62.148  91.7 

Nye 12.666  19.978  57.7 

Ormsby 1,563  2.426  55.2 

Storey 690  891  29.1 

Washoe 43,855  50.904  16.0 

White  Pine 19,366  32,795  69.3 

It  is  noted  from  this  table  that  about  30  per  cent  of  the  total  irri- 
prated  area  is  located  in  Humboldt  County  and  56  per  cent  in  Humboldt 
and  Elko  Counties,  this  area  being  irrigated  from  tlie  Humboldt  River 
and  its  tributaries. 

■Change  in  boundary.     Lincoln  County  divided  into  Lincoln  and  Clark  Counties. 
K^hanire  in  boundary.    Esmeralda  County  divided  into  Esmeralda  and  Mineral  Counties. 
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Methods  of  IrrigatioiL 

The  greater  portion  of  the  alfalfa  acreage  in  Nevada  is  irrigated  bj 
some  form  of  flooding.  In  the  Lovelock  Valley  the  border  method  of 
flooding  is  generally  used;  on  the  Truckee-Carson  Project,  the  check 
system  of  flooding ;  in  Washoe  Valley,  flooding  from  field  laterals  and 
by  the  furrow  method ;  and  in  the  Carson  Valley  the  furrow  or  corru- 
gation method  is  most  common. 

On  light  sandy  soils  it  is  very  important  to  have  available  a  suflScient 
head  of  water  to  flood  the  field  in  a  short  time  so  that  very  little  water 
will  be  wasted  by  percolation  through  the  soil  beyond  the  depth  of  the 
plant  roots.  With  the  heavy  clay  loam  or  clay  soils  a  relatively  small 
head  of  water  is  required  for  a  longer  period  of  time,  since  the  water 
percolates  less  rapidly  through  these  soils.  The  heavy  soils,  however, 
have  greater  power  for  retaining  water,  and  are  better  suited  to  fewer 
and  heavier  irrigations.  Frequent  light  applications  of  water  generally 
result  in  the  best  crops  on  the  sandy  and  sandy-loam  soils.     Each 


Plate  2 — ^An  excess  of  water  is  used  in  this  method  of  flooding. 

method  of  irrigation  is  peculiarly  adapted  to  the  soil  conditions  and 
slope  of  the  land  in  the  district  where  it  is  practiced. 

Flooding  from  Field  Ditches. 

This  is  the  cheapest  method  to  install  and  the  most  wasteful  of  water, 
also  a  great  deal  of  labor  is  required  in  distributing  the  water  over  the 
field.  It  is  sometimes  called  the  contour  method,  since  the  field  ditches 
carry  the  water  along  the  ridges  and  distribute  it  down  the  slopes  over 
the  field.  This  method  is  applicable  to  new  lands  for  the  first  crop ;  to 
heavy,  rocky,  or  very  shallow  soils  where  leveling  is  not  advisable ;  and 
to  small  heads  of  water.  One  man  can  handle  from  two  to  four  second- 
feet  of  water  under  this  system. 

Flooding  in  Borders. 

Flooding  in  borders  or  border  checks,  where  the  land  is  compara- 
tively level  and  does  not  bake  excessively,  is  one  of  the  most  satisfac- 
tory methods  of  irrigation  for  either  grain  or  alfalfa.    This  system  is 
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practiced  in  Nevada  on  comparatively  level  land  where  a  large  head  of 
water  is  obtainable.  In  preparing  the  land  for  this  system,  great  care 
must  be  exercised  in  leveling  the  land  between  the  border  levees.  For 
the  rough  leveling  a  Fresno  scraper  is  commonly  used,  being  followed 
by  a  tailboard  scraper  to  make  the  levees.  Another  commonly  used 
implement  in  Nevada  is  a  large  scraper  mounted  on  four  wheels  with  a 
heavy  iron  blade  which  works  something  on  the  order  of  a  road  grader. 
Where  the  levees  are  constructed  with  the  tailboard  scraper  the  operator 
drives  across  the  field  in  the  opposite  direction  to  the  levees,  gathering 
the  dirt  for  the  levees  from  the  surface  of  the  borders,  and  at  the  same 
time  leveling  the  borders. 

The  borders  vary  in  length  from  300  to  1,300  feet,  with  an  average 
of  500  feet  depending  upon  the  slope  of  the  land  and  the  texture  of  the 
soil.  The  width  may  vary  from  30  to  100  feet,  with  an  average  of  about 
60  feet.  In  irrigating,  the  water  is  turned  into  the  border  and  carried 
down  its  entire  length,  the  waste  water  either  being  picked  up  by  the 
head  ditch  of  the  next  series  of  border  checks,  or  flowing  into  a  drainage 
ditch.  One  man  can  handle  about  six  second-feet  of  water  under  this 
method. 

The  system  of  border  irrigation,  practiced  to  a  large  extent  in  the 
Lovelock  Valley,  differs  from  the  method  explained  above  as  follows : 

When  the  field  is  properly  leveled  with  a  grader,  the  borders  are 
marked  oflP  on  the  head  line  from  sixty  to  ninety  feet  wide.  A  large 
V  marker  or  ditcher  is  then  used  to  make  the  levees,  separating  the 
borders  at  regular  intervals.  This  is  a  heavy  implement,  mounted  on 
four  wheels,  controlled  by  a  system  of  levers,  and  requiring  about  six- 
teen horses  for  its  operation.  After  these  borders  are  seeded,  a  head 
ditch  is  then  made  with  the  same  ditcher  to  carry  the  water  to  the 
borders.  If  one  man  is  applying  the  water,  he  turns  in  as  large  a  head 
as  can  be  properly  handled.  Considerable  experience  is  needed  in  this 
system  of  applying  water,  because,  as  soon  as  the  soil  at  the  upper  ends 
of  the  borders  is  suflSciently  wet,  the  water  must  be  taken  down  the 
ditches  between  the  borders  to  irrigate  the  lower  portions  of  the  land. 
These  borders  vary  from  1,000  to  5,000  feet  in  length,  depending  upon 
the  slope  of  the  land.  With  a  properly  installed  system  the  water  can 
be  brought  down  one  side  of  the  field  for  a  considerable  distance  in  a 
diagonal  direction,  instead  of  bringing  the  water  down  the  ditch  and 
turning  it  into  the  borders  at  frequent  intervals.  In  this  way  a  large 
tract  can  be  irrigated  in  a  day  by  one  man.  The  ground  is  flooded  for 
the  first  irrigation  only,  subsequent  applications  being  made  by  allow- 
ing the  water  to  seep  from  the  ditches  between  the  borders.  In  sections 
of  Nevada  where  this  system  is  practiced,  wonderful  crops  of  wheat 
and  alfalfa  are  produced,  but  in  such  regions  the  soil  is  of  a  loose 
nature,  contains  a  large  amount  of  humus  and  does  not  bake  after 
wetting.  In  this  system  one  experienced  irrigator  can  handle  about 
six  second-feet  of  water. 

Flooding  in  Checks  or  Basins. 

In  this  system  of  irrigation  the  levees  are  run  across  the  field  in  both 
directions,  dividing  it  into  a  series  of  checks  or  basins.  In  Nevada  this 
method  is  largely  practiced  on  new  lands  that  require  a  great  deal  of 
leveling.  The  level  tracts  can  be  checked  ready  for  the  water  with  less 
expense  than  for  any  other  system  of  flooding.     This  method  is  also 
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desirable  on  lands  that  will  not  soak  up  readily  when  the  water  is  run 
in  furrows.  On  the  Newlands  Irrigation  Project,  where  this  system  is 
commonly  used  in  the  production  of  hay  and  grain,  the  levees  dividing 
the  checks  or  basins  are  wide  and  low,  and  are  generally  covered  with 
a  crop.  They  are  so  constructed  to  prevent  any  waste  of  land  and  to 
make  possible  the  harvesting  of  the  crop  with  a  mower  or  binder.  In 
such  a  system  some  checks  are  higher  than  others.  Water  is  turned 
into  the  higher  checks,  and,  when  the  ground  is  sufficiently  wet,  it  is 
taken  off  and  run  into  the  lower  checks,  and  so  on,  until  all  the  ground 
is  irrigated.  Although  considerable  water  is  lost  by  evaporation,  very 
little  goes  into  the  drainage  ditches.  If  the  land  has  a  gentle  slope,  the 
installation  of  this  system  is  expensive  as  compared  with  the  border 
method  and  flooding  from  field  laterals.    A  large  head  of  water  can  be 


Plate  3 — Check  method  of  irrigation. 


used  with  this  system  and  one  man  can  handle  from  seven  to  eight 
second-feet.  On  the  Newlands  Project  the  check  system  is  being  rapidly 
replaced  by  the  border  method. 

Furrow  Irrigation. 

Where  the  conditions  are  suitable  and  the  land  is  sufficiently  friable 
and  mellow,  the  furrow  method  of  irrigation  is  best  adapted  to  the 
highest  returns  of  hay  and  grain  in  Nevada.  In  this  system  the  water 
is  run  through  the  field  in  small  furrows  and  diffused  laterally  through 
the  soil,  but  should  not  run  over  the  surface.  This  system  is  adapted 
to  small  irrigating  streams,  considerable  slopes,  and  heavy  soils.  The 
water  may  run  in  few  or  many  furrows,  or  it  may  be  run  across  the 
slope  at  any  angle  for  the  desired  flow  of  water  giving  the  heavy  soils 
time  to  soak  up.    The  feed  ditches  are  nearly  level  and  are  generally 
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Plate  4 — ^Furrow  irrigation  by  means  of  pipes. 

run  across  the  slope  of  the  field.  In  Nevada  a  great  deal  of  trouble 
has  been  encountered  on  light  soils  in  the  washing  away  of  the  banks 
where  the  water  is  taken  from  the  distributing  ditch  to  the  furrows. 
This  condition  has  been  met  by  the  use  of  galvanized  iron  pipes  from 
one  and  one-half  to  two  inches  in  diameter  and  two  feet  long,  or  by  the 
use  of  wooden  spile  made  from  lath  or  material  sawed  for  the  purpose. 
These  pipes  are  placed  in  the  bank  of  the  distributing  ditch  and  each 
pipe  furnishes  water  for  two  to  six  furrows,  depending  upon  the  head 


nil   iiT—^Br-'^^tf- 


Plate  5 — A  minimum  amount  of  water  is  used  in  the  furrow 
method  of  irrigation. 
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of  water  in  the  feed  ditch.  By  such  a  system  a  large  field  can  be  irri- 
gated by  one  man,  since  his  chief  duty  is  to  see  that  the  proper  head  of 
water  is  maintained  in  the  distributing  ditches ;  also,  the  water  is  more 
evenly  distributed  in  the  furrows,  so  that  it  reaches  the  lower  part  of 
the  field  in  the  different  furrows,  at  about  the  same  time. 

On  the  heavy  soils  of  the  Truckee  Meadows  practically  every  alfalfa 
field  is  furrowed,  but  the  land  is  usually  flooded  from  field  ditches,  the 
furrows  providing  easy  channels  for  the  water  to  the  lower  end  of  the 
field  and  drainage  for  the  surplus  water  after  each  irrigation,  which 
might  otherwise  stand  in  the  low  places  and  retard  the  growth  of  the 
crop.  In  irrigating  grain  more  care  must  be  taken  to  prevent  the  water 
from  flooding  the  surface  of  the  ground  between  the  furrows. 

The  furrows  vary  in  length  with  the  slope  of  the  land  and  the  nature 
of  the  soil  from  200  to  SOiO  feet,  the  longer  furrows  being  possible  on 
the  heavier  lands  with  gentle  slopes.  Feed  ditches  run  across  the  fields 
at  intervals  of  from  200  to  800  feet,  and  in  turn  furnish  water  for 
the  irrigation  of  the  furrows  below.  Although  the  initial  expense  of 
installing  this  system  is  high,  the  water  is  easily  handled  and  the  expense 
of  irrigating  is  small.  A  smaller  head  of  water  is  used  with  this  system 
than  with  the  others. 

IMPOBTANT  FAOTOBS  AFFEOTINO  DUTY  OF  WATEB  IN  NEVADA 

Type  of  SoU. 

The  type  of  soil  probably  causes  greater  variation  in  the  amount  of 
water  required  than  any  other  one  factor.  In  1906, 12^  acres  of  alfalfa, 
at  the  Experiment  Station,  grown  on  gravelly  soil  with  a  very  open 
gravelly  subsoil,  received  a  total  depth  of  8.5  feet  of  water  and  produced 
only  two  tons  of  hay  per  acre.  The  yield  per  acre-foot  of  water  was 
only  0.24  tons.  During  the  same  year  two  acres  of  alfalfa  grown  on  a 
sandy  clay  soil  with  a  clay  subsoil  received  a  total  depth  of  only  3  feet 
of  water  and  produced  7.36  tons  per  acre  or  a  yield  of  2.45  tons  per 
acre-foot  of  water. 

Topography. 

On  lands  that  are  rolling  or  that  have  steep  slopes  the  amount  of 
run-off  is  large,  thus  increasing  the  total  irrigation  required  to  produce 
the  best  crops.  On  the  more  uniformly  level  lands  with  light  slopes 
practically  all  of  the  water  applied  may  be  retained  by  the  land.  On 
certain  alfalfa  fields  in  the  Truckee  Meadows,  where  the  land  is  rolling, 
the  total  annual  depth  of  irrigation  varies  from  5  to  10  feet,  but  more 
than  one-half  of  this  amount  may  be  run-off  that  is  used  again  on  lower 
lands  or  drains  back  into  the  Truckee  River. 

Hardpan  Near  the  Surface. 

The  following  table  shows  the  results  obtained  in  1910  on  an  acre  of 
alfalfa,  which  received  twelve  irrigations  with  a  total  of  about  six  acre- 
feet  of  water : 
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Effect  of  Habdpan  on  the  Amount  of  Water  Requibed  for  Alfalfa* 

Yiddperacre 

,^    ^       ^  ,     .        ,  Depth  of  Pint  Second  Third 

Date  of  irrigation —  xrrigationr  euUino,  euUing,  euUing, 

April  19^ 0.126  J^^  *<»»«  <o«*  tone 

April  20 .^ 0^9 

May  5 0.408 

May  23 O.WG 

June  3 0.662 

Total 2.081  1.65 

June  16 ^ 0.759 

June  27 0.537 

July  7 „..  0.225 

July  8 0.436 

Total 1.957  1.55 

July  29 0.523 

August  6 0.676 

Austist  12 0.661 

Total 1.860  1.77 

September  14 0.390  Irrigation  for  pasture 

Total  irrigation 6.288  Total  yield 4.97 

*A  heavy  clay  soil  with  a  hardpan  layer  very  clote  to  the  surface.  The  depth  of  irrigation 
includes  run-off  which  was  not  measured. 

It  is  noted  from  these  results  that  soils  with  hardpan  near  the  surface 
have  very  little  capacity  for  retaining  water,  and  in  this  instance 
about  twice  as  much  water  is  used  to  produce  a  crop  as  compared  with 
similar  soils  without  a  hardpan  layer  near  the  surface. 

Influence  of  Annual  Bainf  all. 

In  many  States  where  irrigation  is  practiced  the  annual  precipita- 
tion is  an  important  factor  to  be  considered  in  the  results  of  investiga- 
tions of  irrigation  methods,  and  particularly  in  the  duty  of  water  in 
field  practice.  The  following  table  gives  the  total  precipitation  and 
monthly  distribution  for  the  past  five  years  and  for  a  period  of 
eighteen  years  at  the  Experiment  Station : 

MoxTHLr  Pbecipitation  in  Inches  at  the  Agbicultural  Expebiment  Station, 
Five-Yeab  Period,  1914-1918* 

Average    Average 
Month  19  J  i  1915  1916  1917  1918         five  yeare  1900-1918 

January  5.46  0.55  6.70  0.05  0.13  2.59  1.99 

February  ._ 0.86  2.59  0.59  2.01  1.73  1.56  1.20 

March   ..^ T  0.16  0.33  0.74  2.51  0.75  0.97 

April  OJO  0,33  OJl  0,28  0.16  0.32  0.52 

Map „ .0,11  0.52  T  1,18  0,25  0./,!  0,^8 

June ...0.29  0,00  0.11  0.06  0.14  0,12  0,25 

July  ._ T  0,04  T  0.04  T  0,02  0.44 

Auffu^t 0,38  T  0,04  0,12  T  0.11  0.32 

September  0.05  0,06  0.35               T  2,4 1  0.51  0.33 

October  0.16  T  1.13               T  0,15  0.41  0.41 

November  T  0J28  0.05  0.68  0,31  0.28  0.51 

December 0.70  1.09  0.97  0.27  0.40  0.69  0.89 

Total  8.71  5.62.  10.44  5.43  8.85  7.^3  8.31 

*  Information  secured  from  the  U.  S.  Weather  Bureau,  Reno.  Nevada. 
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It  will  be  seen  from  the  above  table  that  the  average  annual  precipi- 
tation for  the  five-year  period  of  irrigation  investigations  amounted  to 
7.83  inches.  In  May,  1917,  the  rainfall  was  1.18  inches.  With  this 
exception,  during  no  one  month  of  the  growing  season  throughout  the 
five-year  period  was  sufficient  rainfall  received  to  affect  the  moisture 
content  of  the  soil ;  that  is,  the  small  amount  of  precipitation  at  any 
one  time  was  subject  to  evaporation  within  a  few  hours.  The  entire 
rainfall  in  September,  1918,  occurred  after  the  crops  were  harvested. 
The  results  of  these  experiments  are  therefore  based  entirely  on  the 
water  supplied  by  irrigation. 

The  average  precipitation  over  the  entire  State,  according  to  the 
reports  of  the  United  States  Weather  Bureau,  is  about  8.5  inches  per 
year.  The  only  source  of  Nevada's  water  supply  is  the  snowfall  upon 
her  own  mountain  ranges  and  the  precipitation  upon  the  eastern  slope 
of  the  Sierra  in  California.  Throughout  the  agricultural  districts  of 
Nevada  the  rainfall  is,  in  general,  so  slight  and  so  poorly  distributed 
during  the  growing  season  that  it  cannot  be  depended  upon  to  supple- 
ment irrigation  in  supplying  the  moisture  needs  of  crops. 

Effect  of  Evaporation  on  the  Amoimt  of  Water  Required. 

The  following  table  gives  the  average  evaporation  by  months  at  the 
Experiment  Station  from  still  water  surfaces  for  the  year  1912 : 

Evaporation  from  Water  Surfaces  at  the  Experiment  Station  in  1912 

Month  Evaporation,  feet 

January ^ 0.101 

February 0.143 

March..^ ^.0.110 

April...^ ^ 0.289 

May 0.569 

June 0.867 

July ^ 0.950 

August. 0.951 

September 0.608 

October ^ 0.452 

November ..0.182 

December 0.134 

Total 5.356 

The  annual  evaporation  from  free  water  surfaces  at  the  Experiment 
Station  is  shown  to  exceed  five  feet,  the  greatest  losses  occurring  during 
the  months  of  June,  July,  and  August.  At  the  Experiment  Station  on 
cultivated  land  the  average  loss  of  water  annually  by  evaporation 
amounts  to  about  fifteen  inches.  It  is  quite  evident  from  these  results 
that  where  the  annual  evaporation  is  high,  more  water  is  required  to 
produce  a  crop  than  in  districts  where  the  normal  conditions  of  evapo- 
ration prevail. 

During  the  years  1908  and  1909  the  Nevada  Agricultural  Experi- 
ment Station,  in  cooperation  with  the  Office  of  Irrigation  Investiga- 
tions of  the  U.  S.  Department  of  Agriculture,  conducted  a  series  of 
experiments  on  the  losses  of  water  by  evaporation  from  irrigated  soils. 
These  investigations  were  made  at  the  Experiment  Station  Farm  near 
Reno  at  an  altitude  of  4,490  feet  on  a  sandy  alluvial  loam  soil,  which 
is  typical  of  a  large  portion  of  the  irrigated  area  in  Nevada.  The 
detailed  results  of  these  experiments  are  found  in  Bulletin  248,  OflSce 
of  Experiment  Stations,  U.  S.  Department  of  Agriculture.  A  summarj^ 
of  the  results  of  this  work  follows. 
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Bffect  of  Soil  Mulches  of  Different  Depths. 

The  following  table  gives  the  average  evaporation  from  soils  pro- 
tected by  different  depths  of  soil  mulches  at  the  Nevada  Agricultural 
Experiment  Station  for  a  period  of  three  weeks  (June  9-30,  and  Sep- 
tember 1-22, 1908),  with  six  inches  of  water  applied : 

Lo9B  of  total 
Depth  of  mulch  Loaa  in  inches  application, 

per  cent 

Water  surface 4.68  78.0 

No  mulch „ 1.41  2.3.6 

3-Inch  mulch ^ ; 0.88  14.6 

6-lnch  mulch 0.36  6.0 

9-inch  mulch 0.17  2.9 

The  unmulched  surface  shows  a  loss,  during  the  three  weeks,  of  23.6 
per  cent  of  the  six  inches  of  water  applied.  The  use  of  the  3-inch  mulch 
shows  a  loss  of  62.5  per  cent,  the  6-inch  mulch  a  loss  of  25.5  per  cent, 
and  the  9-inch*  mulch  a  loss  of  12  per  cent,  respectively,  of  the  loss  from 
the  unmulched  surface.  These  results  indicate  the  value  of  a  soil  mulch 
when  land  is  prepared  for  cropping  and  when  possible  during  the  grow- 
ing season,  especially  with  cultivated  crops. 

Bffect  of  Cultivation  at  Different  Depths. 

The  following  table  gives  the  average  evaporation  losses  from  culti- 
vated and  uncultivated  surfaces  at  the  Nevada  Agricultural  Experi- 
ment Station  for  a  period  of  twenty-eight  days  (May  7-June  4,  and 
June  8--July  6,  1909) ,  with  six  inches  of  water  applied : 

Lose  of  total 
Cultivation  Lots  m  inches  application^ 

per  cent 

Water  surface 8.49  

Cultivated  six  inches 1.09  18.2 

Uncultivated. ^ 1.51  25.2 

Duplicate  tests  were  made  in  this  experiment,  and  where  cultivation 
was  given,  the  soil  was  stirred  to  a  depth  of  six  inches  in  a  maainer 
similar  to  natural  field  methods.  The  cultivated  surface  showed  a  loss 
of  72.2  per  cent,  or  a  saving  of  27.8  per  cent  of  that  receiving  no  culti- 
vation, thus  verifying  the  results  previously  mentioned  in  the  value  of 
cultivation  to  form  a  soil  mulch  in  preventing  the  loss  of  water  from  the 
soil  by  evaporation. 

Bffect  of  Shallow-  and  Deep-Furrow  Irrigation. 

The  following  table  gives  the  average  evaporation  losses  from  sur- 
faces irrigated  by  flooding,  and  with  furrows  of  different  depths  at  the 
Nevada  Agricultural  Experiment  Station  for  a  period  of  twenty-eight 
days  (July  8-August  5,  and  August  10-September  7,  1909),  with  six 
inches  of  water  applied : 

Loss  of  total 
Depth  of  furrow  Loss  in  inches  application, 

per  cent 

Water  surface 11.13                             

Flooded. „ 1.05  17.5 

3-inch  furrow 0.91  15.2 

G-Inch  furrow 0.73  12.2 

9-Inch  furrow 0.55  9.2 

The  results  of  this  experiment  show  that  water  run  in  furrows,  3,  6, 
and  9  inches  deep,  caused  a  saving  of  13.3  per  cent,  30.5  per  cent  and 
47.6  per  cent,  respectively,  of  the  total  loss  from  the  flooded  surface 
during  this  period  of  28  days.  Where  the  supply  of  water  for  irriga- 
tion is  limited  and  the  corrugation  method  of  applying  water  is  prac- 
tical the  use  of  furrows  from  6  to  9  inches  deep  will  undoubtedly 
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result   in   greatly   decreasing  the   loss   of  water   from   the  soil  by 

evaporation. 

Overlrrlgation. 

The  use  of  excessive  amounts  of  water  tends  to  cause  considerable 
losses  from  surface  run-oflf  and  deep  percolation.  At  the  same  time  the 
quality  and  very  often  the  quantity  of  the  crop  are  reduced.  Excessive 
irrigation  of  a  wheat  crop  tends  to  produce  a  soft,  mealy  kernel  that  is 
not  good  for  milling  purposes.  The  experience  of  the  Experiment 
Station  with  Marquis  wheat  under  irrigation  indicates  that  it  is  pos- 
sible to  produce  a  good  grade  of  hard  wheat  with  proper  irrigation. 
After  six  years  under  irrigation  this  wheat  ranks  equal  to  the  best 
wheat  from  the  hard  wheat  sections  of  the  Middle  West.  Overirrigation 
of  alfalfa  produces  coarse  stems  and  a  smaller  proportion  of  leaves. 
Potatoes  become  knotty  and  produce  a  second  growth  when  given  too 
much  water. 

EARLY  IKVESTIOATIONS 
Duty  of  Water  on  Alfalfa. 

The  following  table  shows  the  average  results  in  total  irrigation, 
yield  per  acre  and  yield  per  acre-foot  of  water : 

Duty  of  Water  on  Alfalfa  at  the  Experiment  Station,  1906-1911 

Size  Total  Yield                YMdp0r 

No.  <if             cfplatt  irrigtUion,           per  acre,     acre-foot  of  waUr, 

Year                      plat                 acree  feet  tone  tone 

190G 2  3.00  7.36  2.45 

Averajje 3.00  7.36  2.45 

1907 20                 1  3.47  5.63  1.62 

22                 1  2.80  5.11  1.82 

24-25                 2  2.93  7.04  2.40 

Average 3.07  5.93  1.93 

1908 20                 1  4.32  7.12  1.54 

21  1  .3.30  6.02  l.fJ9 

22  1  2.47  6.04  2.20 
2;i                 1  2.92.  5.66  1.46 

24-25  2                 4.76  5.13  1.02 

Average 3.55  5.99  1..58 

1909 15  2.22  4..35  1.95 

1('>  3.48  4.23  1.21 

24  5.28  6.57  1.22 

25  2.98  6.21  2.09 
26,27,28  3.57  4.15  1.16 

20  2.54  6.94  2.73 

21  2.33  6.50  2.78 

22  3.76  4.60  1.22 

23  2.21  6.22  2.81 

Average 3.15  5.53  1.91 

1910 20  5.08  7.52  1.48 

21  3.05  6.61  2.16 

22  2.76  5.92  2.14 

23  2.61  6.35  2.43 

24  5.78  6.59  1.14 

25  3.58  6.02  1.68 

Average 3.81  6.50  1.84 

1911 20  3.64  5.15  1.41 

21  2.66  5.31  1.99 

22  2.25  4.56  2.02 

23  2.17  4.27  1.96 

24  3.87  3..34  0.86. 

25  3.87  3.15  0.81 

Average 3.08  4.30  1.51 

Average  for  6-year  period,  1906-1911 3.27  5.93  1.87 

NoTB — Sandy  clay  soil.  Water  measured  from  weir-box  at  an  averasre  distance  of  one-fourth 
mile  from  plats,  applied  under  fleld  conditions.    Waste  water  from  plats  not  measured. 
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It  is  noted  that  the  greatest  average  annual  total  irrigation  of  3.81 
feet  was  given  in  1910  with  the  second  highest  yield  of  6.50  tons  per 
acre  or  slightly  above  the  average  for  the  six-year  period.  During 
every  other  year  the  average  total  irrigation  was  less  than  3.6  feet,  or 
averaging  3.17  feet.  The  highest  yield  of  7.36  tons  per  acre  was 
obtained  in  1906  with  a  total  irrigation  of  three  feet  of  water.  The 
average  results  for  the  six-year  period  show  a  yield  of  5.93  tons  per 
acre  with  a  total  irrigation  of  3.27  feet,  or  at  the  rate  of  1.87  tons  per 
acre-foot  of  water. 

Duty  of  Water  on  Crops  Under  Field  Conditions  in  the  Carson  Valley,  1907. 

In  1907  the  Experiment  Station  in  cooperation  with  Irrigation  Inves- 
tigations, United  States  Department  of  Agriculture,  made  a  number  of 
water  duty  determinations  on  the  ranch  of  the  Dangberg  Land  & 
Cattle  Company  in  the  Carson  Valley.  The  following  table  gives  the 
results  of  these  determinations,  including  number  of  irrigations,  depth 
of  irrigation,  yield  per  acre,  and  yield  per  acre-foot  of  water : 

Duty  or  Water  on  Field  Cbops  at  the  Dangbebg  Ranch,  Gabson  Valley,  1907* 

ALFALFA 

Total  Yield  per  acre- 

No.cf       irrioation.  Date  of        Yield  per  aere,   foot  cf  water. 

Crop  irrigationa        feet  cuttino  tone  tone 

Field  No,  1-^lM  Acres 
Alfalfa  and  Timothy, 

first  erop_ 3  3.16  July  22-26  3.87  1.23 

Alfalfa,  second  crop.-.  3  2.71  Oct.  4-8  2.46  0.90 

Total ^ 5.87  6.33  tl.06 

Field  No.  2—80.50  Acres 

Alfalfa,  first  crop 2             3.08               July  1^  1.68  0.55 

Alfalfa,  second  crop....  2             2.24               Sept.  5-8  1.49  0.66 

Total ^ 5.32  3.17  t0.60 

Field  No.  3—102.66  Acres 

Alfalfa,  first  crop 3  3.40  Aug.  16-20  2.92  0.85 

Alfalfa,  second  crop.  (Used  for  pasture  balance  of  the  season.) 

Total.- ^ 3.40  2.92 

Field  No.  8—50  Acres 

Alfalfa,  first  crop 3  2.94  July  22-23  3.40  1.16 

Alfalfa,  second  crop....  2  2.02  Sept.  18-20  2.40  1.18 

Total... 4.96  5.80  tl.l7 

Average  for  fields  1, 2,  and  8....  5.38  5.10  0.95 

Barley  and  Wheat 

Field  No.  1  hush  els         bushels 

Barley 3  2.88  61.10  21.48 

Field  No.  2 
Barley 3  2.68  84.50  31.50 

Field  No.  3 
Barley 3  2.48  78.60  31.70 

Average— Barley 3  2.68  74.70  28.29 

Wheat. 2  2.33  44.00  19.00 

*Tbe  yidds  shown  in  these  tables  are  the  results  of  common  practice  on  the  Danffbers  ranch, 
one  of  the  lararest  cultivated  ranches  in  the  State.  The  land  represented  by  these  fields  was  in 
a  hiirh  state  of  cultivation,  contained  an  excellent  stand  of  alfalfa,  and  was  irrigated  by  the 
farrow  method.    The  depth  of  irrigation  includes  run-off»  which  was  not  measund. 

tAveraffe. 
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Plate  6 — Oyenrrigation  brings  an  excess  of  alkali  to  the  surface, 
the  thin  stand  of  wheat  on  this  land. 


Note 


The  average  results  for  fields  1,  2  and  8  shows  a  yield  of  5.1  tons  of 
alfalfa  per  acre  with  a  total  irrigation  of  5.38  feet,  which  gives  a  j-ield 
of  0.95  tons  per  acre-foot  of  water.  The  three  fields  of  barley  show  an 
average  total  irrigation  of  2.68  feet  with  a  yield  of  74.7  bushels,  and  a 
yield  per  acre-foot  of  water  of  28.29  bushels.  One  field  of  wheat  gave  a 
production  of  44  bushels  per  acre  and  19  bushels  per  acre-foot  of  water 
with  2.33  feet  applied. 

BEOENT  INVESTIOATIOKS 

General  Plan 
Location  and  SoU  Conditions. 

This  investigation  of  the  irrigation  of  field  crops  was  conducted  at 
the  Agricultural  Experiment  Station  Farm  at  Reno  during  the  five- 
year  period,  1914-1918.  The  soil  on  these  fields  varies  from  a  sandy 
loam  to  a  clay  loam,  has  an  average  depth  of  four  feet,  and  is  under- 
laid with  coarse  sand  and  gravel. 


Plate  7 — Method  used  in  setting  calibrated  pipes. 
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The  land  was  maintained  in  a  relatively  high  state  of  fertility  during 
the  period  of  the  experiment. 
Measurement  of  Water. 

The  water  applied  to  each  plat  was  carefully  measured  by  running  it 
through  calibrated  iron  pipes  two  inches  in  diameter  by  twenty-four 
inches  long,  set  level  in  the  bank  of  the  distributing  ditch  and  in  the 
same  horizontal  plane.  This  provided  for  the  measurement  of  water  as 
it  entered  the  plat,  eliminating  any  possible  error  due  to  evaporation 
or  seepage  in  the  distributing  laterals  which  often  occurs  when  the 
measuring  device  is  located  at  a  distance  from  the  plat.  The  head  of 
water  was  constantly  maintained  at  four  inches  by  providing  an  over- 
flow into  a  drainage  ditch.  The  applications  were  so  regulated  that 
all  of  the  water  applied  was  used  by  the  plats,  thus  preventing  any 
run-off. 

System  of  Obeddng. 
To  prevent  any  appreciable  error  due  to  variation  in  soil,  a  very 
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Plate  8 — ^Irrigation  of  Wheat.   Arrangement  of  plats  and  checks. 

careful  system  of  checks  was  used,  their  frequency  varying  with  the 
size  of  the  experimental  plats.  With  wheat,  potatoes  and  sugar-beets 
every  third  plat  was  a  check.  Thus,  by  revising  the  actual  yields  of  the 
plats  in  accordance  with  the  checks,  the  variation  in  yields  due  to  the 
difference  in  soil  was  largely  removed. 
Harvesttng. 

lu  harvesting  the  crops  in  this  experiment  the  outside  portion  of 
each  plat  was  eliminated  to  prevent  as  far  as  possible  any  error  due  to 
seepage  from  adjacent  plats.  With  wheat,  alfalfa,  and  clover  a  four- 
foot  cut  was  made  around  each  plat,  and  the  remaining  areas  were 
carefully  measured  before  harvest.  The  two  outside  rows  were  elimi- 
nated from  the  potato  and  sugar-beet  plats. 
Sou  Moisture. 

Soil  moisture  determinations  were  made  each  vear  before  the  first 
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irrigation  and  at  various  intervals  during  the  period  of  growth  of  the 
crops.  Soil  samples  were  taken  from  three  locations  in  each  plat  for 
each  foot  to  a  depth  of  fpur  feet.  The  object  of  these  investigations 
was  to  determine  the  effect  of  different  methods  of  irrigation  on  the 
soil  moisture  content  at  various  periods  of  growth. 

IBBIOATION  OF  ALFAIJ-A 

The  irrigation  experiment  with  alfalfa  was  conducted  during  the 
four-year  period,  1915-1918,  and  included  twelve  plats,  each  23  feet 
wide  by  290  feet  long.  The  plats  were  separated  by  levees  four  feet 
wide  and  high  enough  to  prevent  any  overflow  from  one  plat  to 
another. 

The  alfalfa  was  irrigated  by  the  furrow  method,  small  furrows  being 
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Plate  9— Irrigation  of  Alfalfa.  Average  results  for  the  four-year  period, 
1915-1918,  showing  effect  of  irrigation  on  yield  per  acre  and  yield 
per  acre-foot  of  water. 

used  at  intervals  of  three  feet  to  provide  a  ready  channel  for  water  to 
the  lower  ends  of  the  plats.  Water  was  measured  into  each  plat 
through  three  pipes,  the  length  of  time  required  for  an  application 
varying  from  three  hours  forty-five  minutes  with  the  six-inch  irrigation, 
to  seven  hours  thirty  minutes  with  the  twelve-inch  irrigation.  Three 
check  plats  were  used  to  prevent  as  far  as  possible  any  error  due  to 
variation  in  the  soil.  Six-,  nine-,  and  twelve-inch  applications  were 
given  at  the  following  stages  of  wilting : 
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1.  Before  plants  showed  need  of  water. 

2.  When  plants  showed  need  of  water  by  dark-green  color  of  foliage. 

3.  When  plants  showed  need  of  water  by  dark-green  color  of  foliage 
and  drooping  leaves. 

The  checks  were  irrigated  with  nine-inch  applications  at  the  first 
stage  of  wilting.  The  alfalfa  was  harvested  at  the  beginning  of  growth 
of  the  basal  shoots  from  the  crowns  of  the  plants,  or  in  the  early  bloom. 
Two  cuttings  were  made  each  year  of  the  experiment,  the  first  cutting 
early  in  July  and  the  second  early  in  September.  Samples  represent- 
ing the  two  cuttings  from  each  plat  were  selected  for  determination  of 
moisture  and  nitrogen  content. 

In  this  experiment  a  study  was  made  of  the  depth  of  application, 
total  irrigation,  water  and  nitrogen  content  of  plant,  proportion  of 
leaves  to  stems,  yield  per  acre,  and  yield  per  acre-foot  of  water,  in 
relation  to  the  different  stages  of  wilting,  the  results  of  which  are 
included  in  the  following  table : 

IBBIOATION  OF  ALFALFA 

Average  Results  for  the  Four-Year  Period,  1915-1918 

Dtpthof  Total  Total  Proportion  Yield  per  acre- 

appUaUum,    irrigation,    water  content.      Nitrogen,        ofleaivee.     Yield  per  acre,    /oot<^toater, 
imekea  inehee  percent  percent  percent  tone  tone 

Irrigated  Before  Plants  Showed  Need  of  Water 

6  66  84,2  3.04  36.45  6.00  1.21 

9  65  86.0  3.30  35.91  5.81  1.18 

12  81  81.4  3.32  37.38  6.18  1.03 

Irrigated  When  Plants  Showed  Need  of  Water  by  Dark-Green  Color  of  Foliage 

6  42  78.6  3.38  40.20  5.59  1.67 

9  45  81.2  3.55  40.54  5.45  1.61 

12  54  77.8  3.99  38.49  5v43  1.57 

Irrigated  When  Plants  Showed  Need  of  Water  by  Dark-Green  Color  of  Foliage 

and  Drooping  Leaves 

6  22  78.8  3.45  44.27  4.08  2.23 

9  32  77.5  3.79  41.46  4.42  1.78 

12  33  72.8  3.16  38.55  4.86  1.93 

In  the  average  results  of  the  first  three  plats  which  were  irrigated 
before  plants  showed  need  of  water,  a  total  irrigation  of  70  inches 
produced  5.99  tons  of  alfalfa  per  acre;  and  of  the  second  stage  of 
wilting,  a  total  irrigation  of  47  inches  produced  5.49  tons  per  acre. 
The  average  increase  in  yield  of  0.5  tons  per  acre  was  secured  by  an 
additional  use  of  23  inches,  which  was  at  the  rate  of  0.25  tons  per 
acre-foot  of  water.  In  the  last  stage  of  wilting  an  average  total  irriga- 
tion of  29  inches  produced  a  yield  of  4.45  tons  per  acre.  The  above 
results  indicate  that  alfalfa  cannot  be  allowed  to  reach  the  wilting 
point  without  seriously  lowering  its  production,  but  that  good  returns 
may  be  secured  when  water  is  withheld  until  the  plants  turn  dark- 
green  in  color. 

Most  Economical  Depth  of  Irrigation. 

The  most  economical  use  of  water  with  alfalfa  was  accomplished  with 
a  total  irrigation  of  3.5  feet  applied  when  plants  showed  need  of  water 
by  dark-green  color  of  foliage,  producing  5.59  tons  per  acre,  or  at  the 
rate  of  1.67  tons  per  acre-foot  of  water.  The  use  on  this  plat  was 
equivalent  during  the  period  of  irrigation  to  a  delivery  of  water  at 
the  rate  of  one  second-foot  for  85  acres,  or  0.47  miner's  inch  per  acre. 

The  greatest  total  irrigation  of  81  inches  of  water  was  accompanied 
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by  the  highest  yield  of  6.18  tons  of  alfalfa  per  acre  and  the  lowest 
yield  of  1.03  tons  per  acre-foot  of  water.  Compared  with  the  yield  of 
5.59  tons  per  acre  the  increase  of  0.6  ton  was  obtained  at  the  expense 
of  an  additional  use  of  39  inches  of  water  which  was  at  the  rate  of  0.18 
ton  per  acre-foot.  The  lowest  total  irrigation  of  22  inches  gave  the 
highest  yield  of  2.23  tons  per  acre-foot  of  water,  but  the  lowest  yield  of 
4.08  tons  per  acre. 
Relation  of  Soil  Moisture  Oontent  to  Time  and  Amount  of  Irrigation. 

Soil  moisture  samples  were  taken  before  the  first  irrigation  and  at 
harvest  of  the  second  crop.    The  samples  were  taken  to  a  depth  of  four 


Plate  11 — ^Irrigation  of  Alfalfa.    Average  results  for  the  four-year  period, 
1915~1918»  showing  effect  of  irrigation  on  soil  moisture. 

feet  and  the  borings  from  three  different  places  on  each  plat  were  con- 
solidated to  insure  a  representative  sample.  During  the  year  1918  sam- 
ples were  taken  before  and  after  each  irrigation  in  the  manner  above 
indicated.  Experiments  were  also  conducted  to  determine  the  weight 
per  cubic  foot  and  water-holding  capacity  of  the  surface  foot  in  each 
plat.  The  following  table  compares  the  soil  moisture  contents  before 
the  first  irrigation  and  before  the  second  cutting  of  alfalfa  at  different 
stages  of  wilting,  with  six-,  nine-,  and  twelve-inch  applications. 
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IBBIGATION  OF  ALFALFA 

Comparing  the  Per  Cent  of  Decrease  in  Soil  Moisture  Content  Before  Harvest 
and  Before  the  First  Irrigation  for  the  Four-Year  Period,  1915-1918 

Whan 

When  pUmtBahowad 

plantaahowed  needofwattrbg 

B^ore               need  cfumter  dark-ireen  edor 

planta  Stowed        by  dark-ifiyen  cf/oUaot  end 

need  of  wateTt       eUor  cffoHagei  drooping  teaeti, 

Six-inch  Applications —                  percent                 percent  percent 

Total  Irrigation,  inches 66.00               42.00  22.00 

Yield  per  acre,  tons _ 6.00                 5.59  4.08 

Yield  per  acre-foot  of  water,  tons 1.21                 1.67  2.23 

Average  per  cent  of  decrease  in  soil  mois- 
ture at  harvest 10.70*               9.10*  10.60* 

Tfine-inch  Applications — 

Total  irrigation.  Inches 65.00               45.00  32,00 

Yield  per  acre,  tons 5.81                 5.45  4.42 

Yield  per  acre-foot  of  water,  tons 1.18                 1.61  1.78 

Average  per  cent  of  decrease  in  soil  mois- 
ture at  harvests 22.10*             10.40  18.30 

Ticelve-inch  Applications — 

Total  irrigation,  inches 81.00               54.00  33.00 

Yield  per  acre,  tons 6.18                 5.43  4.86 

Yield  per  acre-foot  of  water,  tons 1.03                 1.57  1.93 

Average  per  cent  of  decrease  in  soil  mois- 
ture at  harvest 0.00               14.00  28.20 

^Averaere  per  cent  of  increase  in  soil  moistare  content  at  harvest. 

An  increase  in  soil  moisture  content  at  harvest  is  noted  with  six-mch 
applications  in  the  first  two  stages  of  wilting  and  with  nine-inch  appli- 
cations in  the  first  stage,  due  in  part  to  the  frequency  of  irrigation. 
The  greatest  increase  of  22.1  per  cent  is  noted  in  the  first  stage  of  wil^ 
ing  with  nine-inch  applications  and  a  total  irrigation  of  sixty-fiTC 
inches. 

The  most  uniform  decrease  in  moisture  content  at  harvest  is  noted 
in  the  third  or  last  stage  of  wilting.  Here  the  total  irrigation  and  yield 
per  acre  increase  as  the  decrease  in  moisture  content  at  harvest  and  the 
depth  of  application  become  greater.  Generally  the  decrease  in  soil 
moisture  content  at  harvest  was  greatest  with  the  nine-  and  twelve-inch 
applications. 

During  the  season  of  1918  soil  moisture  determinations  were  made 
just  before  and  within  forty-eight  hours  after  each  irrigation,  to 
determine  the  amount  of  water  actually  retained  in  the  first  four  feet 
of  soil,  the  results  of  which  are  given  in  the  following  table : 

Irrigation  of  Alfalfa 
Average  Soil  Moisture  Content  Before  and  After  Irrigation  in  1918 

Soil  moieture  content  Amount 

Depth  Btfwrc  After  '  of  irrioation  retained  in  upper  iftf* 

ofirrtifotion      irrig<Uiony  irrigation.  Increase, 

inches  percent  percent  percent  Inches  Percent 

Irrigated  Before  Plants  Stiowed  Need  of  Water 

6  12.6  16.8  4.2  3.00  50.0 

9  15.6  19.3  3.7  2.62  28.0 

12  14.2  18.4  4.2  3.00  25.0 

Irrigated  When  Plants  Showed  Need  of  Water  by  Dark-Green  Color  of  Foliage 

6  11.1  17.0  5.9  4.20  70.0 

9  11.7  18.2  6.5  4.60  51.0 

12  12.7  18.4  5.7  4.05  33.7 

Irrigated  When  Plants  Showed  Need  of  Water  by  Dark-Green  CJolor  of  Foliage 

and  Drooping  Leaves 

6  10.3  16.1  6.3  4.55  75.8 

9  9.7  16.8  7.1  5.09  56.0 

12  9.4  17.0  7.6  5.40  45.0 
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This  table  gives  the  results  of  work  for  one  year  only,  which  cannot 
be  considered  as  conclusive;  however,  they  bear  out  the  statements 
previously  made.  When  alfalfa  was  irrigated  before  the  plants  showed 
need  of  water,  about  three  inches  of  water  of  each  application  were 
held  in  the  first  four  feet  of  soil.  This  amounts  to  one-half  of  a  six- 
inch,  one-third  of  a  nine-inch,  and  one-fourth  of  a  twelve-inch  irriga- 
tion, the  remainder  of  the  water  being  lost  by  evaporation  or  percolation 
beyond  the  root  zone. 

The  total  amounts  of  water  held  in  the  soil  were  greatest  with  the 
last  two  stages  of  wilting.  In  each  case  a  larger  part  of  the  six-inch 
application  was  retained  than  of  the  nine-  or  twelve-inch  applications. 

The  high  percentage  of  the  six-inch  irrigation  retained  in  the  second 
stage  of  wilting,  or  when  plants  showed  need  of  water  by  dark-green 
color  of  foliage,  accompanied  by  the  high  yield  per  acre  and  yield  per 
acre-foot  of  water,  indicates  that  this  was  the  most  economical  use  of 
water  with  alfalfa. 

IBBIOATION  OF  WHEAT 

The  irrigation  experiment  with  wheat  was  conducted  during  the  five- 
year  period,  1914-1918,  and  included  sixty  plats,  each  22  feet  wide  by 


Plate  12— Irrigation  of  Wheat.    Trimming  the  plats  before  harvest. 

165  feet  long.  The  plats  were  separated  by  levees  four  feet  wide  and 
high  enough  to  prevent  any  overflow  from  one  plat  to  another.  Marquis 
wheat,  used  in  this  experiment,  was  treated  each  year  for  smut,  and 
sown  during  the  early  part  of  April  about  two  inches  deep  with  a 
double-disk  drill,  using  approximately  seventy-five  pounds  of  seed  per 
acre.  The  wheat  was  irrigated  by  means  of  furrows  placed  at  intervals 
of  three  feet.  The  water  was  measured  into  each  plat  through  three 
pipes,  one  hour  and  seven  minutes  being  required  for  a  three-inch 
application,  and  a  proportionate  increase  in  time  for  the  larger  applica- 
tions. Every  third  plat  was  a  check. 
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Three-,  five-,  and  seven-inch  applications  were  given  at  the  following 
stages  of  growth : 

1.  Five-leaf.  3.  Bloom.  5.  Dough. 

2.  Boot.  4.  Milk. 

Also  six-,  nine-  and  twelve-inch  applications  were  given  before  and 
after  heading. 

In  this  test  a  comparison  was  made  of  the  plats  receiving  an  irrigation 
at  each  of  the  five  stages  of  growth ;  with  plats  in  which  an  irrigation 
was  omitted  at  each  of  the  five  stages ;  with  plats  in  which  irrigations 
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Plate  13 — Irrigation  of  Wheat.  Average  results  with  four  applications,  for 
the  five-year  period,  1914-1918,  showing  effect  of  irrigation  on  yield 
per  acre  and  yield  per  acre-foot  of  water. 

were  omitted  at  any  two  stages  of  growth ;  and  with  plats  that  received 
the  same  amounts  of  water  in  two  applications  only,  one  before  and 
one  after  heading.  The  principal  objects  of  the  experiment  were  to 
determine  the  best  depths  of  irrigation  and  the  critical  stages  in  the 
growth  of  the  wheat  crop. 

The  wheat  plats  were  harvested  in  early  August  with  a  grain  binder. 
The  plats  that  received  only  three  applications  with  a  small  total  irri- 
gation were  the  first  to  reach  maturity.    The  wheat  was  threshed  with 
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a  small  thresher  operated  by  a  six-horsepower  gasoline  engine.  This 
machine  made  possible  the  thorough  cleaning  of  the  wheat  with  prac- 
tically no  loss  in  threshing. 

Basnlts  with  Four  ApplicatioiiB. 

The  following  table  gives  the  results  with  three-  and  seven-inch  appli- 
cations when  one  irrigation  was  omitted  at  each  of  the  different 
stages  of  growth,  and  the  increase  of  seven-inch  over  the  three-inch 
applications  : 

Irrigation  of  Wheat 
Average  Yields  for  the  Five-Year  Period,  191^-1918 

T%rM'ineh  Sevtiuinch  Avtrctge 

applieatiofu,  applieationa,  increase. 

One  irrigation  omitted  at —                            busMa  busMa  percent 

Five-leaf  stage 28.1  .T?.3  18.5 

Boot  stage 23.4  2(5.2  11.9 

Bloom  stage 23.7  25.9                  9.3 

Milk  stage 29.8  30.4                  2.1 

Dough  stage 29.1  31.0                  6.5 

No  irrigation  omitted 28.4  32.2  13.4 

These  results  are  in  favor  of  the  seven-inch  applications,  the  highest 
yield  being  obtained  when  an  irrigation  was  omitted  at  the  five-leaf 
stage.  This  yield  of  33.3  bushels,  is  18.5  per  cent  higher  than  the  cor- 
responding yield  with  three-inch  applications,  and  four  per  cent 
greater  than  the  yield  of  32.2  bushels  when  no  irrigations  were  omitted 
and  a  total  of  thirty-five  inches  of  water  was  applied.  With  both  three- 
and  seven-inch  applications  the  lowest  yields  are  recorded  when  an 
irrigation  was  omitted  at  the  boot  or  bloom  stage.  The  results  indicate 
that  an  irrigation  may  be  omitted  at  the  five-leaf,  milk  or  dough  stage 
without  materially  decreasing  the  yield  of  grain,  but  that  an  applica- 
tion omitted  at  the  boot  or  bloom  stage  seriously  interferes  with  the 
propter  growth  of  the  crop.  The  high  yield  of  33.3  bushels  may  be 
attributed  to  the  greater  development  of  root  system  with  the  §rst 
irrigation  omitted  and  at  the  same  time  the  plants  did  not  suffer  for 
lack  of  sufficient  moisture  before  the  irrigation  at  the  boot  stage. 

BMoltB  with  Tbree  Applicatioiis. 

The  following  table  gives  the  average  results  with  three-  and  seven- 
inch  applications  and  with  two  irrigations  omitted  at  the  different 
stages  of  growth : 

Irrigation  of  Wheat 
Average  Yields  for  the  Five-Year  Period,  191^-1918 

Three-inch  Seven^nch  Avermoe 

crpplicationa,  anpHcationSt  increase. 

Two  irrigations  omitted  at —                         bushels  bushds  percent 

Five-leaf  and  boot 15.9  20.4  28.3 

Five-leaf  and  bloom..^ 21.2  2.3.9  12.7 

Five-leaf  and  milk 27.1  28.2  4.1 

Five-leaf  and  dough 27.G  31.0  12.3 

Boot  and  bloom 13.8  19.5  41.3 

Boot  and  milk 21.2  23.5  10.8 

Bloom  and  milk 23.2  23.8  2.6 

Bloom  and  dough... 24.8  28.8  16.1 

Milk  and  dough 29.0  30.5  5.2 

No  irrigations  omitted...^ 28.4  32.2  13.4 

The  results  here  are  also  in  favor  of  the  seven-inch  applications, 
although  the  variation  in  yield  was  more  pronounced,  especially  between 
the  three-inch  and  seven-inch  applications.     The  highest  yield  was 
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obtained  with  seven-inch  applications  when  irrigations  were  omitted  at 
the  five-leaf  and  dough  stages.  However,  this  yield  of  31.0  bushels  was 
but  slightly  greater  than  the  yield  of  30.5  bushels  obtained  when  appli- 
cations were  omitted  at  the  milk  and  dough  stages.  The  highest  yield 
was  four  per  cent  lower  than  when  no  applications  were  omitted.    The 
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Plate  14 — ^Irrigation  of  Wheat.  Average  results  with  three  applications,  for 
the  five-year  period,  1914-1018,  showing  efTect  of  irrigation  on  yield 
per  acre  and  yield  per  acre-foot  of  water. 
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lowest  yield  of  19.5  bushels  with  seven-inch  applications  was  obtained 
with  irrigations  omitted  at  the  boot  and  bloom  stages. 

With  three-inch  applications  the  highest  yield  was  obtained  when 
irrigations  were  omitted  at  the  milk  and  dough  periods.  High  yields 
were  also  obtained  when  irrigations  were  omitted  at  the  five-leaf  and 
milk  and  five-leaf  and  dough  stages.  The  lowest  yield  was  obtained 
when  applications  were  omitted  at  the  boot  and  bloom  periods,  the 
yield  in  this  case  being  53  per  cent  lower  than  the  highest  yield  with 
three-inch  applications.  The  other  low  yields  correspond  generally  to 
the  low  yields  with  seven-inch  applications. 

The  high  yields  obtained  with  seven-inch  applications  when  irriga- 
tions were  omitted  at  the  five-leaf  and  milk,  five-leaf  and  dough,  and 
milk  and  dough  stages  indicate  that  irrigations  omitted  at  any  two  of 
these  stages  have  the  least  effect  in  lowering  the  yield  of  wheat. 

The  low  yields  with  both  three-inch  and  seven-inch  applications 
when  irrigations  were  omitted  at  the  boot  and  bloom  stages  indicate 
that  a  very  critical  period  in  the  irrigation  of  wheat  is  between  the  boot 
and  the  nulk  stages. 

TiAld  Per  Acre-Foot  of  Water  with  Three  and  Four  Irrlgatione  and  Three-  and 
Seven-Inch  Appllcatione. 
The  following  table  gives  a  comparison  of  the  yields  per  acre  and 
yield  per  acre-foot  of  water  with  three  and  four  irrigations  and  three- 
and  seven-inch  applications : 

IBBIGATION  OF  WHEAT 

Average  Results  for  the  Five-Year  Period,  1914-1918 

Thr€4-inek  applieaHons  Seveiu4neh  applieatuuM 

Yidd  pm-  Yidd  per 

Total           Yield          acre-foot  Total             Yield        acre-foot 

irrigation,    per  acre,       cfwatert  irrio<Ui4>n,     per  acre,     ofvfater, 

inehee         buaiMe          buekels  inehee          buehela        buehele 

One  irrigation  omitted  at — 

Five-leaf  stage 17  28.1  19.6  28  33.3  14.8 

Boot  stage 18  23.4  15.1  28  26.2  11.7 

Bloom  stage^ 18  23.7  15.8  28  25.9  li:4 

MUk  stage 12  29.8  29.1  28  30.4  13.4 

Doogh  stage 16  29.1  21.3  28  31.0  13.8 

No  Irrigations  omitted^ 21  28.4  1C.9  35  33.2  11.2 

Tico  irrigations  omitted  at — 

Five-leaf  and  boot 13  15.9  15.3  21  20.4  12.1 

Five-leaf  and  bloom 13  21.2  20.5  21  23.9  14.1 

Five-leaf  and  milk. 10  27.1  33.7  21  2SJ2  16.5 

Five-leaf  and  dough 12  27.6  27.9  21  31.0  18.3 

Boot  and  bloom 12  13.8  13.5  21  19.5  11.5 

Boot  and  milk.. .„ 9  21.2  27.3  21  23.5  13.8 

Bloom  and  milk 9  23.2  30.3  21  23.8  14.0 

Bkwmanddongh 12  24.8  26.4  21  28.8  16.9 

Milk  and  dough 9  29.0  38.3  21  30.5  17.9 

Average  of  checks 25  31.0  15.3 

Non— Wher«  «  three-Inch  appUeation  failed  to  irrigate  the  entire  plat.  tufBeient  addi- 
tiona]  water  was  appHcd,  aeoountinff  for  the  lUffht  irresrularity  shown  in  the  average  total 
irrisatkm. 

With  a  total  irrigation  of  28  inches  of  water  given  in  four  applica- 
tions and  an  irrigation  omitted  at  the  five-leaf  stage,  the  highest  yield 
of  33.3  bushels  per  acre  was  accompanied  by  the  highest  yield  of  14.8 
bushels  per  acre-foot  of  water. 

With  seven-inch  applications  the  highest  yield  of  18.3  bushels  per 
acre-foot  of  water  with  a  total  irrigation  of  21  inches  was  produced 
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where  irrigations  were  omitted  at  the  five-leaf  and  dough  stages  and 
the  lowest  yield  of  11.1  bushels  per  acre-foot  of  water  with  a  total 
irrigation  of  35  inches.  With  three-inch  applications  the  greatest  >aeld 
of  38.3  bushels  per  acre-foot  of  water  was  obtained  with  irrigations 
omitted  at  the  milk  and  dough  stages,  and  the  lowest  yield  of  13.5 
bushels  per  acre-foot  of  water  with  irrigations  omitted  at  the  boot  and 
bloom  stages. 

Results  with  Two  Irrlgatioxis. 

The  following  table  compares  the  yields  of  wheat  per  acre  and  yields 
per  acre-foot  of  water  where  only  two  irrigations  were  given  and  dif- 
ferent depths  of  applications  used  before  and  after  heading : 

Irrigation  of  Wheat 
Average  Results  for  the  Five-Year  Period,  1914-1918 
Depth  €finr%t[atu>n 
BefoTB  heading,  A  fUr  heading » 

inchee  inehee 

6  6 

6  9 

6  12 

9  6 

9  9 

9  12 

12  6 

12  9 

12  12 

Where  only  two  irrigations  were  given,  the  two  nine-inch  applica- 
tions, one  before  and  one  after  heading,  produced  the  greatest  yield  of 
29.1  bushels  per  acre,  or  14.4  per  cent  less  than  the  highest  yield  with 
28  inehes  of  water  in  four  seven-inch  applications.  The  twelve-inch 
irrigation  before  heading  apparently  provided  more  water  than  the 
crop  utilized  to  best  advantage.  The  maximum  yield  with  two  irriga- 
tions was  obtained  with  a  total  of  18  inches  of  water  applied  when  tiie 
crop  turned  dark  green  in  color.  With  a  total  irrigation  of  less  than 
IS  inches  the  yield  was  considerably  decreased;  whereas,  a  total  irriga- 
tion of  twenty-four  inches  in  two  twelve-inch  applications  produced  an 
average  of  26.4  bushels  per  acre  or  about  ten  per  cent  less  than  where 
the  two  nine-inch  applications  were  used. 

Yield  Per  Acre-Foot  of  Water  with  Two  Irrigations. 

The  highest  yield  of  26.5  bushels  per  acre-foot  of  water  was  obtained 
with  the  smallest  total  irrigation  of  twelve  inches,  and  the  lowest  yield 
of  13.2  bushels  per  acre-foot  of  water  with  the  largest  total  irrigation 
of  24  inches.  The  third  highest  yield  of  19.3  bushels  per  acre-foot  of 
water  was  produced  with  the  two  nine-inch  applications,  indicating  that 
this  was  the  most  economical  use  of  water  with  wheat  when  only  two 
applications  were  given. 

With  only  two  irrigations  the  yields  were  generally  lower  through- 
out than  with  a  greater  number  of  applications  using  the  same  total 
amount  of  water.  It  is  therefore  recommended  that  only  in  cases  of 
water  shortage  is  it  advisable  to  use  only  two  irrigations  in  preference 
to  three  or  four  applications,  as  shown  in  the  results  of  these  experi- 
ments where  the  yields  of  grain  are  generally  much  higher.  It  should 
be  noted,  however,  that  with  only  two  irrigations  possible,  a  profitable 
crop  of  wheat  may  be  grown. 


Digitized  by 


Google 


31  

Relation  of  Soil  Moisture  Ck)]itent  to  Time  and  Amount  of  Irrigation. 

Soil  moisture  samples  were  taken  at  regular  intervals  each  year 
during  the  period  of  irrigation  to  determine  the  variation  in  moisture 
content  in  relation  to  the  time  of  irrigation  and  the  depth  of  application. 

Soil  Moisture  Ck)ntent8  with  One  Irrigation  Omitted. 

The  following  table  gives  a  comparison  of  the  soil  moisture  contents 
before  the  first  irrigation  and  at  harvest  with  three-inch  and  seven- 
inch  applications  and  one  irrigation  omitted. 

IBBIGATION  OF  WHEAT 

Average  Per  Cent  of  Decrease  in  Soil  Moisture  Content  at  Harvest  for  the  Five- 

Year  Period,  1914-1918 

Tkr0e-4neh  applieations  Seven-*nch  applieations 

Dtcrtam,  Yidd  per  acre,         Deertam,  Yiddperaer; 

Irrigation  omitted  at —  percent 

None 11.0 

Five-leaf  stage 19.0 

Boot  stage 17.2 

Bloom  stage 0.5 

Milk  stage. 8.3 

Dough  stage 26.6 

*ATeraffe  per  cent  of  incresse  of  soil  moisture  oontent  «t  harvest 
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Plate  15 — ^Irrigation  of  Wheat.  Average  results  with  two  applications  for 
five-year  period,  1914-1918,  showing  effect  of  Irrigation  on  yield  per 
acre  and  yield  per  acre-foot  of  water. 

Those  results  show  that  the  high  yields  per  acre  are  generally  accora- 
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panied  by  the  greatest  decrease  in  soil  moisture  at  harvest  as  compared 
with  the  soil  moisture  content  before  the  first  irrigation.  With  three- 
inch  applications  the  smallest  decrease  in  soil  moisture  content  at 
harvest,  with  an  irrigation  omitted  at  the  bloom  stage,  was  accompanied 
by  the  low  yield  of  23.7  bushels  per  acre,  or  23  per  cent  less  than  the 
yield  with  one  irrigation  omitted  at  the  dough  stage. 

With  seven-inch  applications  the  greatest  increase  in  soil  moisture 
content  at  harvest  was  obtained  when  an  irrigation  was  omitted  at  the 
bloom  stage,  the  yield  being  25.9  bushels  per  acre,  or  20  per  cent  less 
than  the  highest  yield. 

The  omission  of  an  irrigation  at  the  bloom  stage  seriously  checked 
the  development  of  the  wheat  crop  and  prevented  the  plants  from 
utilizing  the  moisture  in  the  soil  to  the  best  advantage  during  the  later 
periods  of  growth. 

Sou  Moiflture  Ck)ntent8  with  Two  IrrigatloiiB  Omitted. 

The  following  table  gives  a  comparison  of  soil  moisture  contents 
before  the  first  irrigation  and  at  harvest  with  three-inch  and  seven-inch 
applications,  and  with  two  irrigations  omitted : 

Irrigation  of  Wheat 
Average  Per  Cent  of  Decrease  in  Soil  Moisture  Content  at  Harvest  for  the  Five- 
Year  Period,  1914-1918 

Thre«'inch  application»  Seven-ineh  apjdieaUont 

DtcTMue,        Yield  per  acre.    Decream,       Yield  per  acre. 
Two  irrigations  omitted —  percent  btuhels  percent  bueheU 

Five-leaf  and  boot 13.2  15.9               2.5  20.4 

Five-leaf  and  bloom 2.1  21.2  10.1*  23.9 

Five-leaf  and  milk 17.4  27.1               4.8  28.2 

Five-leaf  and  dough 9.5  27.6               4.7  31.0 

Boot  and  bloom 1.5  13.8               0.0  19.5 

Boot  and  milk 9.5  21.2               7.3  23.5 

Bloom  and  milk „ 15.2  23.2               6.4*  23.8 

Bloom  and  dough 19.6  24.8               0.0  28.8 

Milk  and  dough 24.9  29.0  11.7  30.5 

*Averaffe  per  eent  of  increase  in  soil  moisture  content  at  harvest. 

It  is  noted  in  these  results  that  with  the  three-inch  applications  the 
smallest  decrease  in  soil  moisture  content  at  harvest  was  obtained  with 
irrigations  omitted  at  the  boot  and  bloom  stages,  and  accompanied  by 
the  lowest  yield  of  13.8  bushels  per  acre.  The  next  lowest  decrease  in 
soil  moisture  content  at  harvest  occurred  with  irrigations  omitted  at 
the  five-leaf  and  bloom  stages,  accompanied  by  a  comparatively  low 
yield  of  21.2  bushels  per  acre. 

With  the  seven-inch  applications  it  is  interesting  to  note  that  where 
no  decrease  or  where  an  increase  is  shown  in  the  soil  moisture  content 
at  harvest,  one  of  the  irrigations  omitted  in  each  instance  was  at  the 
bloom  stage.  The  average  yield  of  these  four  plats  was  24.0  bushels 
per  acre,  or  29.2  per  cent  less  than  the  highest  yield  with  one  irrigation 
omitted  at  the  five-leaf  stage.  This  confirms  the  previous  statement 
that  an  irrigation  omitted  between  the  boot  and  milk  stages  may  seri- 
ously check  the  proper  development  of  the  crop. 

IBBIGATIOK  OF  POTATOES 

The  irrigation  experiment  with  potatoes  included  nineteen  plats  of 
four  rows  each.  The  potatoes  were  planted  the  last  of  May  each  year 
in  rows  three  feet  apart  and  about  fourteen  inches  apart  in  the  row. 
The  potatoes  were  irrigated  by  means  of  comparatively  deep  furrows 
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three  feet  apart.    Three-,  six-,  and  nine-inch  applications  of  water  were 
at  the  following  stages  of  growth : 

1.  Before  plants  showed  a  tendency  to  wilt. 

2.  When  plants  showed  a  tendency  to  wilt. 

3.  When  leaves  wilted  down  once. 

4.  When  plants  failed  to  revive  at  night. 

The  crop  was  harvested  each  year  about  the  first  of  October.  Of  the 
four  rows  in  each  plat  the  two  outside  rows  were  eliminated  to  prevent 
as  far  as  possible  any  variation  due  to  seepage  from  adjoining  plats. 
Three  hills  in  different  parts  of  each  plat  were  selected  for  a  determina- 
tion of  the  starch  content.' 


Plate  16 — ^Irrigatiiig  a  field  of  Nevada  potatoes. 

The  following  table  gives  the  average  results  on  total  irrigation, 
water  content,  starch  content,  yield  per  acre  and  yield  per  acre-foot  of 
water: 

Irrigation  of  Potatoes 


irrigaHon, 
inck€9 


3 
6 
9 

:\ 

0 

.3 
0 


Average  Results  for  the  Four-Year  Period,  19H-19n 

Total 
irrigation,     WaUr  content.    Starch  eonterU,     Yidd  per  acre, 
inokee  porcont  percent  pounds 

Irrigated  before  plants  were  allowed  to  wilt 
22.5  76.7  68.3  15,3.^1 

28.5  76.4  6.5.4  10,577 

38.2  77.3  68.3  13.402 

Irrigated  when  plants  showed  a  tendency  to  wilt 
16.5  78.4  tU.4  15,077 

19.5  77.3  a3.2  0,507 

27.0  77.2  65.2  0,175 

Irrigated  when  plants  wilted  down  once 
10.5  78.4  56.2  0,665 

1.3.5  78.5  62.4  0,840 

18.0  76.1  CA.H  7,786 


Yield  per 

acre-foot  a/ water, 

poiinde 


8,622 
4.530 
4,2.30 

12,025 
5,7.30 
6,503 

14.0.36 
0.172 
6,810 


'The  starch  content  was  determined  by  meant  of  direct  acid  hydrolosit.     See  page  53,  Bulle> 
tin  107.  Bareau  of  Chemiitry,  U.  S.  Department  of  Agriculture. 
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Irrigated  wheu  plants  failed  to  revive  at  night 

3                  6.0                78.7                59.3                  5,825  11,958 

6                   7.5                 78.4                 58.8                   5,525  10,571 

9                  9.0                78.6                59.8                  3,593  4,464 

Average  of  checks — 

6                24.0                76.8                66.9                  9,753  4,858 

The  yield  of  potatoes  in  1915  was  materially  decreased  by  dry  rot, 
and  in  1916  by  an  unfavorable  season.  However,  all  plats  appeared  to 
be  equally  affected ;  thus  the  comparative  results  are  about  as  valuable 
as  with  greater  production.  The  results  showed  that  with  the  three-, 
six-,  and  nine-inch  applications,  the  average  total  irrigation,  the  starch 
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Plate  17 — ^Irrigation  of  Potatoes.  Average  results  for  the  four-year  period, 
1914-1917,  showing  the  effect  of  irrigation  on  yield  and  yield  per  acre- 
foot  of  water. 

content,  and  the  yield  per  acre  decreased  with  the  advance  in  the  wilt- 
ing stage,  while  the  yield  per  acre-foot  of  water  increased,  except  in 
the  last  wilting  stage,  where  a  considerable  decrease  is  noted  with 
nine-inch  applications. 

The  best  average  results  were  generally  obtained  with  the  three-inch 
applications  at  the  different  stages  of  wilting.  For  the  four-year  period, 
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the  highest  yield  of  15,977  pounds  per  acre  was  obtained  with  an  aver- 
age total  irrigation  of  16.5  inches  with  three-inch  applications  given 
when  the  plants  showed  a  tendency  to  wilt,  and  the  yield  per  acre-foot 
of  water  was  12,025  pounds.  The  next  best  yield  of  15,333  pounds  per 
acre  was  secured  with  eight  three-inch  applications  given  before  plants 
showed  a  tendency  to  wilt,  although  the  yield  per  acre-foot  of  water 
was  only  8,622  pounds  per  acre.  Where  the  plants  wilted  down  before 
irrigation,  the  potatoes  made  a  second  growth  which  resulted  in  lower- 
ing the  yield  per  acre  and  starch  content  of  the  potatoes.  The  propor- 
tion of  scabby  potatoes  was  greatly  increased  in  those  plats  which 
received  a  total  irrigation  of  twenty-four  inches  or  more  of  water. 

General  Statement. 

The  potato  rows  should  be  hilled  up  with  good  deep  furrows  between 
them,  so  that,  when  irrigated,  the  water  wSl  supply  the  deep-feeding 
roots,  but  will  not  come  in  contact  with  the  tubers. 

A  too  common  error  with  the  potato  grower  is  the  use  of  shallow 
furrows  for  carrying  the  water.  The  chief  danger  is  in  saturating  the 
ground  around  the  tubers,  causing  the  soil  to  become  hard  and  compact, 
a  very  undesirable  condition  for  the  development  of  a  good  hill  of 
uniform  potatoes.  It  is  thus  very  important  to  use  light  irrigations  in 
good  deep  furrows. 

The  potato  crop  should  never  be  irrigated  by  means  of  flooding, 


Plate  18 — The  proper  method  of  irrigation  for  potatoes. 


since  this  method  causes  the  soil  to  pack  around  the  tubers  and  prevents 
the  ground  from  receiving  sufficient  water  for  the  need  of  the  plants. 

The  potato  crop  is  very  sensitive  to  an  excess  of  moisture  in  the  soil. 
Most  of  the  failures  in  potato  growing  in  this  State  have  occurred  on 
the  heavy  lands  and  have  been  due  chiefly  to  this  one  cause.  Soils  which 
contain  an  excess  of  water  are  too  cold  for  the  proper  development  of 
the  potato  and  offer  conditions  favorable  to  the  formation  of  scab  and 
rot.  Most  of  the  soils  on  the  Experiment  Station  Farm  are  too  heavy 
and  too  level  for  good  results  with  potatoes.  It  is  noted  above  that  the 
most  practical  method  of  irrigation  was  by  the  use  of  light  applications 
when  the  plants  had  turned  dark-green  in  color.  At  the  time  of  harvest 
this  ground  turns  up  in  large  clods  unless  irrigated  immediately  before 
digging.  This  condition  indicates  that  the  ground  has  packed  too 
firmly  for  the  proper  development  of  uniform  marketable  potatoes. 
Such  lands  are  made  more  porous  by  a  heavy  application  of  lime  of 
gypsum,  but  the  potatoes  are  liable  to  be  badly  affected  with  scab,  as 
is  the  case  when  fresh  manure  is  used  in  large  quantities.  Many  grow- 
ers overcome  this  objection  on  heavy  soils  by  planting  the  potatoes  on 
land  with  a  considerable  slope.  Here  the  drainage  is  good  and  there  is 
less  danger  that  the  soil  will  remain  too  wet. 

For  the  best  results  with  potato  growing,  well-drained  land  is  essen- 
tial, and  only  moderate  applications  of  water  should  be  given  the  crop 
when  needed. 

The  following  table  gives  a  comparison  of  soil  moisture  content  with 
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potatoes  before  the  first  irrigation  and  before  harvest,  at  different 
stages  of  wilting,  with  three-,  six-,  and  nine-inch  applications : 

Irrigation  of  Potatoes 

Average  Per  Cent  of  Decrease  in  8oil  Moisture  Content  Before  Harvest  for  the 

Four-Year  Period,  1914-1917 

Soil  samples  taken  applioations  applications  applieatioHS 

Irrigated  before  plants  showed  tendency  to  wilt 

Before  first  Irrigation 20.6  19.8  19.0 

Before  harvest 19.5  18.9  19.8 

Per  cent  decrease 5.3  4.5  4.2* 

Irrigated  when  plants  showed  tendency  to  wilt 

Before  first  irrigation 18.7                   20.5  18.6 

Before  harvest „ 18.0                   18.1  17.8 

Per  cent  decrease 3.7                    11.7  4.3 

Irrigated  when  leaves  wilted  down  once 

Before  first  irrigation 18.8  16.9  19.8 

Before  har^-est 17.6  17.2  16.6 

Per  cent  decrease 6.5  1.8*  16.1 

Irrigated  when  plants  failed  to  revive  at  night 

Before  first  irrigation 19.3  18.9  18.4 

Before  harvest 16.5  15.1  16.9 

Per  cent  decrease 14.5  20.1  8.2 

*Averaffe  per  cent  of  increase  in  soil  moisture  content  at  harvest. 

With  the  three-inch  irrigations  at  the  different  stages  of  wilting  the 
soil  moisture  contents  before  harvest  were  slightly  less  than  before  the 
first  irrigation.  This  decrease  is  most  evident  in  the  last  stage  of 
wilting  with  14.5  per  cent. 

With  the  six-inch  applications  an  increase  is  shown  in  the  third  stage 
of  wilting,  while  in  the  other  three  stages  the  soil  moisture  content  at 
harvest  was  less  than  before  the  first  irrigation,  amounting  to  a  decrease 
of  20.1  per  cent  in  the  last  stage  of  wilting. 

With  the  nine-inch  irrigations  a  decrease  was  shown  in  the  last  three 
stages  of  wilting,  amounting  to  16.1  per  cent  where  irrigated  when 
leaves  wilted  down  once ;  while  a  slight  increase  occurred  when  irriga- 
tions were  given  before  plants  showed  a  tendency  to  wilt. 

Where  the  heaviest  yield  of  15,977  pounds  per  acre  was  produced 
with  a  total  irrigation  of  17  inches  of  water  in  three-inch  applications, 
given  when  the  plants  first  showed  a  tendency  to  wilt,  the  soil  moisture 
content  before  harvest  was  only  3.7  per  cent  less  than  before  the  first 
irrigation.  This  heavy  yield  was  accompanied  by  the  second  highest 
yield  of  12,025  pounds  per  acre-foot  of  water. 

Where  the  lowest  yield  of  3,593  pounds  per  acre  was  produced  with 
one  nine-inch  application  at  the  last  wilting  stage,  the  soil  moisture 
content  at  harvest  was  8.2  per  cent  less  than  before  the  first  irrigation. 
Moreover,  the  yield  per  acre-foot  of  water  was  only  4,464  pounds  as 
compared  with  12,025  pounds  for  the  highest  yield  and  17  inches  total 
irrigation. 

No  uniform  variations  occurred  in  soil  moisture  content  with  potatoes 
as  were  found  with  alfalfa  in  the  various  stages  of  wilting  and  with 
different  depths  of  application. 

IBBIGATIOK  OF  OLOVEB 

The  irrigation  experiment  with  clover  (Common  Red)  in  1914  was 
conducted  on  a  sandy  clay  soil  with  a  gravelly  subsoil,  and  included 
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twelve  plats,  each  10  feet  wide  and  264  feet  long.  The  clover  was 
planted  in  the  spring  of  1913  with  a  nurse  crop  of  wheat,  and  produced 
one  crop  of  hay  that  season  after  the  wheat  had  been  harvested.  The 
plats  were  separated  by  levees  four  feet  wide  and  high  enough  to  pre- 
vent any  overflow  of  water  from  one  plat  to  another. 

In  the  irrigation  of  clover,  six-,  nine-,  and  twelve-inch  applications 
were  given  at  the  following  stages  of  wilting : 

1.  Before  plants  showed  need  of  water. 

2.  When  plants  showed  need  of  water  by  dark-green  color  of  foliage. 

3.  When  plants  showed  need  of  water  by  dark-green  color  of  foliage 
and  drooping  leaves. 

During  the  season  of  1914  two  crops  of  hay  were  harvested  on  June 
16,  and  August  5,  respectively.  Samples  of  hay  were  selected  from  each 
plat  with  the  two  cuttings  for  a  determination  of  nitrogen  content.^ 

The  following  table  gives  the  depth  of  application,  total  irrigation, 
nitrogen  content  and  yield  per  acre-foot  of  water : 

IBRIQATION  OF  CLOVEB — 1914 

Depth  of  Total  Yield  per 

applieation,  irrigation.         Nitrogen  content,       .    Yield  per  acre,  acre-foot  of  water, 

inchee  inches  percent  tone  tone 

Irrigated  before  plants  showed  need  of  water 

6  36  2.32  4.45  1.48 

9  42  2.19  5.52  1.58 

12  57  1.81  6.97  1.47 

Irrigated  when  plants  showed  need  of  water  by  darlc-green  color  of  foliage 

6  24  2.29  3.58  1.79 

9  36  2.32  3.51  1.17 

12  36  2.13  4.08  1.36 

Irrigated  when  plants  showed  need  of  water  by  dark-green  color  of  foliage  and 

drooping  leaves 
6  24  2.56 

9  m  2.28 

12  36  2.11 

Average  of  checks — 

6  36  2.32  4.49  1.50 

Seralts. 

The  results  show  that  clover  cannot  be  allowed  to  reach  the  wilting 
stage  without  materially  decreasing  the  yield  of  hay :  also,  that  in  these 
experiments  applications  of  from  nine  to  twelve  inches  given  before  the 
plants  showed  need  of  water  gave  the  heaviest  production  of  hay. 
However,  where  the  total  yield  was  greatest,  the  yield  per  acre-foot  of 
water  was  low  and  the  quality  of  hay  inferior  to  that  of  other  plats, 
due  to  the  large  proportion  of  coarse  stems  to  leaves.  The  importance 
of  the  time  of  application  of  water  is  well  illustrated  in  the  results, 
sbce  a  gradual  decrease  in  yield  occurred  in  the  different  plats  with 
the  same  applications  of  water,  as  the  wilting  stage  advanced,  before 
water  was  applied.  Clover  responded  more  readily  to  the  heavy  appli- 
cations of  water  than  any  other  crop. 

The  lowest  nitrogen  content  is  noted  with  the  greatest  total  irrigation 
and  the  highest  yield  per  acre.  With  this  exception  no  uniform  varia- 
tion occurred  in  the  nitrogen  content. 

'Th«  nitroffen  content  was  determined  by  the  official  method  used  by  the  Bureau  of  Chemis- 
try. U.  S.  Depmrtment  of  Agriculture. 
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Plate  19 — ^Irrigation  of  Clover.    Average  results  101  i,  showing  effect  of 
irrigation  on  yield  per  acre  and  piled  per  acre-foot  of  water. 

SUOAB-BEETS 

The  irrigation  experiment  with  sugar-beets  during  the  two-year 
period,  1914-1915,  included  nineteen  plats.  Each  plat  consisted  of  four 
rows  165  feet  long  and  two  feet  apart.  The  seed  was  planted  with  a 
hand  drill,  about  one  and  one-half  inches  deep,  at  the  rate  of  twenty 
pounds  per  acre. 

In  the  irrigation  of  sugar-beets,  two-,  four-,  and  six-inch  applications 
of  water  were  given  at  the  following  stages  of  wilting : 

1.  Before  plants  showed  a  tendency  to  wilt. 

2.  When  plants  showed  a  tendency  to  wilt. 

3.  When  leaves  wilted  down  once. 

4.  When  plants  failed  to  revive  at  night. 

When  four  leaves  appeared  on  the  plants,  the  beets  were  thinned  to 
about  ten  inches  apart  in  the  rows.  The  crop  received  two  hoeings 
when  needed  and  was  cultivated  after  each  irrigation.  The  beets  were 
harvested  in  late  September  with  an  ordinary  walking  beet-plow.  Of 
the  four  rows  in  each  plat,  the  two  outside  rows  were  eliminated  as 
with  potatoes.  After  plowing  out  the  beets  they  were  topped  and 
weighed.  Five  average-sized  beets  from  different  parts  of  each  plat 
were  selected,  weighed,  and  reserved  for  chemical  analysis  for  sugar 
content  and  purity.^    The  following  table  compares  the  total  irrigation, 


'Susrar  content  and  purity  determined  by  means  of  indirect  method. 
14,  Bureau  of  Chemistry,  United  States  Department  of  Agrriculture. 


See  Bulletin  146.  pase 
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PUte  20 — ^Irrigation  of  Sugar-Beets.  Average  results  for  the  two-year 
period,  1914-1016,  showing  effect  of  irrigation  on  yield  per  acre  and 
yield  per  acre-foot  of  water. 

proportion  of  roots  to  tops,  sugar  content,  purity,  yield  per  acre,  and 
yield  per  acre-foot  of  water  at  the  different  stages  of  wilting: 

IBBIOATION  OF  SUGAB-BeETS 

Average  Results  for  the  Two-Year  Period^  1914-1915 

Total     Proportion  of      Suoar  Yield  Yield  per  acre- 


Depth  <kf 
appUemtion,  irrigation,  roots  to  tops,    content.      Purity  cfbeet, 
mehet  inehee         percent        percent  percent 

Irrigated  before  plants  showed  tendency  to  wilt 
2  13  76.1  21.95  86.29  9.58 
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foot  of  water, 
tons 


8.84 
7.37 
5.35 


Irrigated  when  plants  showed  tendency  to  wilt 
10  74.1  22.91  87.34  9.64 

14  74.0  21.48  87.12  9.67 

18  69.5  20.60  82.20  11.43 

Irrigated  when  plants  wilted  down  once 
6  72.0  23..39  76.61  8.80 

10  71.2  21.01  84.48  9.40 

12  67.8  22.61  83.02  8.57 
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Irrigated  when  plants  failed  to  revive  at  niglit 

2  4  71.8  22.44  78.78  6.12  18.30 

4  6  74.2  18.59  78.53  7.38  14.7G 

6  6  67.0  22.67  82.57  6.27  12.54 

The  average  results  for  the  two  years  show  that  the  sugar-beets 
which  were  irrigated  after  they  wilted  down  and  failed  to  revive  at 
night,  did  not  produce  a  profitable  crop.  The  greatest  jdeld  of  11.43 
tons  was  obtained  with  three  6-inch  applications  given  when  the  plants 
showed  a  tendency  to  wilt,  and  was  accompanied  by  a  relatively  low 
yield  of  7.62  tons  per  acre-foot  of  water.  The  lowest  yield  of  6.12  tons 
per  acre  was  obtained  in  the  last  stage  of  wilting  with  two-inch  applica- 
tions, and  was  accompanied  by  the  highest  yield  of  18.36  tons  per  acre- 
foot  of  water. 

Only  slight  variations  in  yield  are  shown  with  the  two-inch,  four- 
inch,  and  six-inch  applications,  and  also  with  the  total  irrigations  of 
twelve,  eighteen,  and  twenty-four  inches.  This  is  attributed  partly  to 
the  lateral  diffusion  of  moisture  from  one  plat  to  another,  since  the 
plats  were  such  a  short  distance  apart.  The  sugar  content  of  the  beet 
was  not  materially  affected  by  the  stages  of  wilting  or  by  the  depth  of 
application.  The  purity  of  juice  in  beets  varied  with  the  different 
stages  of  wilting,  being  greatest  in  the  beets  which  received  two-  and 
four-inch  applications  where  the  plants  showed  a  tendency  to  wilt. 
These  plats  produced  an  average  of  9.65  tons  of  beets  per  acre.  The 
error  caused  by  this  diffusion  of  water  from  one  plat  to  another  was  so 
great  that  it  was  deemed  advisable  to  discontinue  this  investigation 
after  the  two-year  period. 

SX7MMABY 

1.  The  approximate  area  of  land  in  the  State  of  Nevada  is  70,285,440 
acres,  of  which  900,000  acres,  or  1.3  per  cent,  were  irrigated  in  1918. 

2.  In  1918,  Nevada  produced,  approximately,  145,000  acres  of  alfalfa, 
80,000  acres  of  wheat,  and  15,000  acres  of  potatoes.  These  are  the  most 
important  cultivated  crops  grown  under  irrigation. 

3.  Nevada  lies  almost  wholly  within  the  Great  Basin.  The  Humboldt, 
Truckee,  Carson,  Walker  and  Muddy  are  the  principal  rivers  supplying 
water  for  irrigation.  More  than  50  per  cent  of  the  irrigated  area  in  the 
State  received  its  water  from  the  Humboldt  River. 

4.  The  greater  portion  of  the  acreage  of  alfalfa  and  grain  in  Nevada 
is  irrigated  by  the  border  method  of  flooding.  The  furrow  method  is 
used  in  the  irrigation  of  potatoes  and  other  similarly  cultivated  crops. 

5.  The  important  factors  affecting  duty  of  water  in  Nevada  are: 
T^'pe  of  soil,  topography,  hardpan  near  the  surface,  annual  rainfall  and 
evaporation.  The  type  of  soil  causes  greater  variation  in  the  amount 
of  water  required  under  general  field  conditions  than  any  other  one 
factor. 

6.  The  average  results  of  early  investigations  on  the  irrigation  of 
alfalfa  at  the  Experiment  Station,  1906-1911,  show  a  total  irrigation 
of  3.27  acre-feet  of  water,  producing  a  yield  of  5.93  tons  per  acre,  or 
1.87  tons  per  acre-foot  of  water. 

7.  During  the  five-year  period  of  Irrigation  Investigations,  1914- 
1918,  practically  no  precipitation  was  received  during  the  growing 
season  that  was  sufficient  to  affect  the  moisture  content  of  the  soil. 
This  is  a  unique  condition  which  probably  has  not  obtained  in  any 
other  irrigated  section  of  the  West. 
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8.  In  the  later  investigations  the  water  was  measured  into  each  plat 
throngh  calibrated  galvanized  iron  pipes  two  inches  in  diameter.  Check 
plats  were  used  to  prevent,  as  far  as  possible,  any  errors  due  to  varia- 
tion in  soil. 

9.  Alfalfa  that  was  allowed  to  reach  the  wilting  point  before  irriga- 
tion produced  a  relatively  low  yield  per  acre,  but  excellent  returns 
were  realized  when  irrigation  was  withheld  until  the  plants  turned 
dark  green  in  color. 

10.  The  most  economical  use  of  water  with  alfalfa  was  accomplished 
with  a  total  irrigation  of  3.5  feet  applied  when  plants  showed  need  of 
water  by  dark-green  color  of  foliage,  producing  5.59  tons  per  acre,  or 
at  the  rate  of  1.67  tons  per  acre-foot  of  water.  Soil  moisture  determina- 
tions showed  that  70*  per  cent  of  the  six-inch  applications  was  retained 
in  the  first  four  feet  in  depth  of  soil.  The  use  on  this  plat  was  equiva- 
lent diiring  the  period  of  irrigation  to  a  delivery  of  water  at  the  rate 
of  one  second-foot  for  85  acres,  or  0.47  miner's  inch  per  acre. 

11.  The  highest  yield  of  6.18  tons  per  acre  of  alfalfa  was  obtained 
with  81  inches  total  depth  when  the  crop  was  irrigated  before  plants 
showed  need  of  water,  but  this  was  accompanied  by  the  lowest  yield  of 
1.03  tons  per  acre-foot.  Compared  with  the  yield  of  5.59  tons  per  acre 
the  increase  of  0.6  ton  was  obtained  at  the  expense  of  an  additional 
use  of  39  inches  of  water,  which  was  at  the  rate  of  0.18  ton  per  acre- 
foot.  Soil  moisture  determinations  showed  that  only  25  per  cent  of 
the  twelve-inch  applications  was  retained  in  the  first  four  feet  in  depth 
of  soil. 

12.  In  the  irrigation  of  alfalfa  the  decrease  in  soil  moisture  content 
at  harvest  was  generally  greatest  with  the  nine-  and  twelve-inch  appli- 
cations. The  total  amounts  of  water  held  in  the  soil  were  greatest  with 
the  last  two  stages  of  wilting. 

13.  In  the  irrigation  of  wheat  during  the  five-year  period,  1914- 
1918,  three-  and  seven-inch  applications  were  given  at  two  or  more  of 
the  five  stages  of  growth,  including,  five-leaf,  boot,  bloom,  milk  and 
dough  stages. 

14.  The  highest  yield  of  wheat  was  obtained  with  28  inches  of  water 
in  four  applications,  when  an  irrigation  was  omitted  at  the  five-leaf 
stage. 

15.  The  highest  yield  of  wheat  with  three  irrigations  occurred  with 
21  inches  of  water  when  applications  were  omitted  at  the  five-leaf  and 
dough  stages. 

16.  The  average  yields  of  wheat  were  considerably  higher  with  the 
seven-inch  than  with  the  three-inch  applications. 

17.  The  yields  of  wheat  were  relatively  low  when  irrigations  were 
omitted  at  the  boot  and  bloom  stages,  thus  indicating  that  a  very  critical 
period  in  the  irrigation  of  wheat  was  between  the  boot  and  milk  stages. 

18.  The  highest  yield  of  wheat  with  two  irrigations  was  secured  with 
nine-inch  applications,  one  before  and  one  after  heading. 

19.  In  the  irrigation  of  wheat  the  high  yields  per  acre  were  generally 
accompanied  by  the  greatest  decrease  in  soil  moisture  content  at  harvest 
as  compared  with  the  soil  moisture  content  before  the  first  irrigation. 

20.  In  the  irrigation  of  potatoes  during  the  four-year  period,  1914- 
1917,  the  highest  yield  was  obtained  with  a  total  irrigation  of  16.5 
inches  in  three-inch  applications,  given  when  the  plants  showed  a 
tendency  to  wilt. 
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21.  In  the  irrigation  of  clover  in  1914,  a  gradual  decrease  in  yield 
occurred  in  the  different  plats  with  the  same  applications  of  water  as 
the  wilting  stage  advanced,  before  water  was  applied. 

22.  In  the  irrigation  of  sugar-beets  during  the  two-year  period, 
1914-1915,  the  greatest  yield  was  obtained  with  18  inches  of  water  in 
three-inch  applications. 

23.  The  results  of  these  investigations  on  the  irrigation  of  field 
crops,  show  that  the  most  economical  Mse  of  water  was  obtained  \¥ith 
a  total  irrigation  of  3.5  feet  in  six-inch  applications  for  alfalfa  and 
clover;  2.3  feet  in  seven-inch  applications  for  wheat;  and  1.5  feet  in 
three-inch  applications  for  potatoes  and  sugar-be^ts.  When  alfalfa 
fields  are  used  for  fall  pasture,  usually  an  additional  irrigation  is 
required  after  the  last  crop  of  hay  is  harvested. 
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ANNOUNCEMENT 

In  July,  1918,  the  Nevada  Agricultural  Experiment  Station  pub- 
lished Bulletin  No.  95  entitled  "Range  Plants  Poisonous  to  Sheep  and 
Cattle  in  Nevada,"  by  C.  E.  Fleming,  head  of  the  Department  of  Range 
Management.  Hundreds  of  requests  for  copies  were  received  from 
stockmen  and  forest  rangers  in  Nevada  and  California.  The  Foreign 
Press  Bureau  of  the  Committee  on  Public  Information  requested  500 
copies  for  distribution  in  South  American  countries.  Although  the 
number  printed  was  unusually  large,  the  entire  edition  of  this  bulletin 
was  soon  exhausted  and  republication  has  become  desirable. 

Since  the  publication  of  Bulletin  No.  95  long  series  of  feeding  experi- 
ments with  poisonous  plants  have  been  made  at  the  Nevada  Station. 
Before  publishing  another  gieneral  bulletin  on  the  subject  of  range 
plants  poisonous  to  sheep  and  cattle  it  seems  best  to  print  a  short 
series  of  bulletins  giving  the  results  of  feeding  tests  made  with  each 
poisonous  plant. 

We  plan  later  to  bring  together  the  results  of  all  the  new  experiments 
with  all  former  information  on  the  subject  in  another  illustrated  gen- 
eral bulletin  on  poisonous  plants. 

S.  B.  DOTEN, 

Director, 
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Figure  1.    Typical  plant  of  Arrow-Grass,  showing  cluster  of  leaves 
and  two  flower  stalks. 


Digitized  by 


Google 


Figure  2.    Arrow-Oraas,  growing  among  other  plants  and  grasses. 
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SUMMARY 

1.  Recent  experiments  conducted  by  the  Agricultural  Experiment 
Station  of  the  University  of  Nevada  show  that  under  certain  condi- 
tions the  grasslike  plant  commonly  known  as  Arrow-Grass  is  poisonous 
to  both  sheep  and  cattle. 

2.  Arrow-Grass  looks  like  the  common  grasses;  and  often  grows 
among  them  in  wet  soils  especially  where  the  ground  contains  alkali. 

3.  Figures  1,  2  and  3  of  this  bulletin  give  a  good  idea  of  the  general 
appearance  of  the  plant. 

4.  Arrow-grass  contains  an  unknown  substance,  which  is  sometimes 
broken  up  in  the  stomach  of  the  animal,  liberating  a  deadly  poison- 
hydrocyanic  ("prussic")  acid  gas. 

5.  Animals  fatally  poisoned  by  Arrow-Grass  breathe  very  rapidly  at 
first;  the}'^  tremble,  breathe  through  the  mouth,  walk  around  stiffly, 
have  spasms  and  go  down  in  convulsions.  Later  they  breathe  more 
slowly  and  with  increasing  diflSculty,  spasms  continuing  at  intervals 
until  death,  which  occurs  in  from  half  an  hour  to  three  hours. 

6.  An  animal  must  eat  a  large  dose  at  one  time  in  order  to  be 
poisoned.  Small  doses  eaten  at  frequent  intervals  or  moderate  quanti- 
ties eaten  daily  have  no  harmful  effects. 

7.  Arrow-Grass  cut  and  dried  in  hay  is  far  more  dangerous  and 
deadly  than  the  green  plant. 

8.  When  the  body  of  an  animal  dead  of  Arrow-Grass  poisoning  is  cut 
up  there  is  little  indication  of  the  cause  of  death.  There  is  usually 
some  congestion  of  the  lungs  and  of  the  fourth  stomach,  but  neither 
condition  is  characteristic  of  this  plant  alone. 

9.  Because  of  the  nature  of  the  poison  and  because  death  follows 
poisoning  so  promptly,  there  is  little  hope  of  finding  methods  of  treat- 
ing and  curing  animals  seriously  poisoned  by  Arrow-Grass. 

10.  Places  where  Arrow-Grass  grows  very  thickly  should  be  fenced 
off.  Considerable  effort  should  be  made  to  prevent  Arrow-Grass  from 
being  cut,  dried  and  put  up  in  hay. 


Digitized  by 


Google 


ARROW- GRASS 

A  New  Stock-Poisoning  Plant 

{Triglochin  maritima) 


IX  THE  AUTUMN  OF  1918  we  were  informed  by  A.  0.  Larson  of 
Castle  Dale,  Utah,  that  cattle  had  died  in  southern  Utah  from  eating 
a  plant  known  in  that  region  as  ^' goose-grass."  Fatal  poisoning  had 
been  caused  by  the  green  plants  in 
pastures  and  more  especially  by  the 
dried  plant  in  hay.  Specimens  sent 
by  Mr.  Larson  to  the  Nevada  Station 
were  identified  as  "arrow-grass"  or 
"sour-grass"  ( Triglochin  maritima) . 
The  small  amount  of  material  sent 
from  Utah  was  insuflScient  to  produce 
any  sraptoms  of  poisoning  in  sheep ; 
however,  as  this  plant  is  common  in 
wet  and  semialkaline  places  in  the 
vicinity  of  Reno,  experimental  feed- 
ing of  larger  amounts  were  begun  at 
once  and  continued  throughout  the 
spring  and  summer  of  1919.  These 
feeding  tests  showed  clearly  that 
under  certain  conditions  the  plant  is 
poisonous  to  both  sheep  and  cattle. 
The  results  of  these  tests  are  given  in 
detail  in  this  bulletin. 

Common  Names. 

Triglochin  is  known  by  three  com- 
mon names  —  arrow-grass,  goose-grass, 
and  sour-grass.  Because  arrow-grass 
i^  the  name  most  commonly  and  uni- 
versally used,  its  adoption  and  use  by 
stockmen  is  recommended. 

I>«cription  of  Plant. 

This  poisonous  plant  belongs  to  a 
little  family  of  plants  known  as  the 
arrow-grass  family.  It  grows  in 
bright-green  clumps  and  bunches,  so 
much  like  grass  that  it  is  hard  to  find 
in  the  midst  of  grasses  and  other 
plants  until  the  flower  heads  and  pods 
bave  formed.     It  grows  in  scattered 

clumps  about   12   inches  wide,   or  in    ^^^f^'.^^^!^J^!tt''nL!:l 

ii^™!-.         X  1-  !-•  1-  i!     i!  **  nard  to  find  Arrow-Orass 

n-pgular  patches  which  may  be  from  before  it  blooms. 

^0  to  20  feet  or  more  across.    The  flat 

slumps  or  bunches  of  arrow-grass  grow  from  6  to  12  inclies  high ;  and 

^aeh  clump  of  leaves  bears  a  straight  slender  flower-stalk,  growing  to 
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a  height  of  from  12  to  30  inches.  The  flowers  and  seed-pods  form  a 
slender  cluster  from  6  to  12  inches  long.  The  fl6wers  themselves  are 
tiny  greenish  things,  and  are  soon  followed  by  the  oblong  three-sided 
seed-pods. 

The  leaf  of  arrow-grass  is  slender,  bright-green,  very  much  like  grass 
or  sedge.    Still  it  may  readily  be  told  from  grass  by  the  fact  that  it  is 

not  flat  like  a  grass-blade,  but  is  thick 
and  spongy,  flat  on  one  side  and  round 
on  the  other.    The  leaf  of  arrow-grass 
is  soft,  not  wiry  and  tough  like  that  of 
a  sedge.    The  leaves  are  attached  to  an 
underground  stem,  about  as  thick  as  a 
lead-pencil,  which  pushes  its  w^ay  alon^r 
beneath  the  surface,  sending  up  leaves 
and   sending   down   numerous   fibrous 
roots.    The  general  appearance  of  the 
plant  is  shown  in  Figures  1,  2  and  3. 
Figure  4.    Cross-section  of  Arrow-     A  flower  cluster  and  a  cluster  of  seed- 
Grass   leaf,    greatly   mag^iifled.     pods  are  shown  in  Fisrures  5  and  6. 
(X20).     The    leaf    of    Arrow-     ^ 
Grass  is  thick  and  spongy,  not     Distribution. 

na*^  ^2ss^*  ^^"^  **"**  "^^  '*'''**'        Arrow-grass    is    widely    distributed 

over  the  northern  half  of  the  world. 
In  North  America  it  is  found  from  New  Jersey  to  California  and  from 
Labrador  to  Alaska.  On  the  sea  coast  it  grows  in  salt  marshes ;  inland 
.  it  may  be  found  in  wet  alkaline  soils  and  along  the  edges  of  sloughs, 
associated  with  grasses  and  sedges  and  other  plants  which  require 
much  water. 

Three  species  of  arrow-grass  occur  throughout  North  America  in  wet 
saline  or  semialkaline  soils.  At  least  two  of  them  occur  in  the  pas- 
tures and  meadows  in  Nevada,  but  Triglochin  maritima  being  the 
larger  plant  and  the  most  common  is  probably  the  one  responsible  for 
most  of  the  stock  losses  that  occur  from  eating  this  plant.  It  is  not 
definitely  known  if  the  other  species  are  sufficiently  abundant  and 
poisonous  to  be  dangerous. 

Losses  Due  to  Arrow-Grass. 

But  little  is  known  concerning  the  extent  of  animal  losses  caused  by 
arrow-grass.  It  has  not  been  generally  considered  poisonous,  and  many 
losses  attributed  to  other  causes  may  have  been  due  to  this  plant. 
Dried  arrow-grass  mixed  with  hay  or  fed  free  from  mixture  is  readily 
eaten.  The  green  plant  does  not  seem  to  be  distasteful  to  animals,  and 
it  is  sometimes  eaten  greedily,  although  many  other  poisonous  plants, 
especially  those  containing  alkaloids,  are  so  bitter  that  stock  wull  eat 
them  only  when  forced  to  do  so  by  extreme  hunger. 

Because  of  its  rather  pleasing  and  acceptable  taste  and  because  of  the 
fact  that  the  plant  often  grows  in  almost  pure  patches  from  a  few  feet 
to  rods  across  and  produces  a  large  quantity  of  forage,  it  would  seem 
easier  for  animals  either  on  pasture  or  on  hay  to  get  a  fatal  dose  of 
arrow-grass  than  of  poisonous  plants  which  grow  scattered  here  and 
there  amid  other  foliage. 

The  Poisonous  Principle  of  Arrow-Grass. 

An  air-dried  sample  of  the  plant  (Triglochin  maritima)  used  in  the 
feeding  experiments  was  examined  in  the  Station  Laboratory  and  was 
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found  to  possess  cyanogenetic  properties,  t.  e.,  would  yield  hydrocyanic 
acid  ("prussic"  acid)  upon  suitable  treatment. 

That  {his  might  be  expected  was,  in  a  measure,  suggested  by  the 
SATuptoms  observed  in  the  feeding  experiments.  In  the  literature  it 
appears  that  GreshoflP  found  from  0.02%  to  0.6%  of  hydrocyanic  acid 


Figure  5.  Flowers  of 
Arrow-Orass  mag- 
nified (X2).  Flower 
is  small,  greenish, 
and  insignificant. 


Figure  6.  Seed-pods  of 
Arrow-Grass  mag- 
nified (X2). 


n  Triglochin  maritima.  Later  Blanksma-  in  working  with  the  same 
►lant  found  hydrocyanic  acid  in  amounts  varying  from  0.056%  to 
1.184%. 


Gresholf.  M. :  A  New  Natural  Group  of  Plants  Containing  Hydrocyanic  Acid.  Pharm. 
^'«^blad.  45.     1165-69,  1907. 

^lanksma.  J.  J.:  Hydrocyanic  Acid  in  Sour-Grass  (Triglochin).  Pharm.  Weekblad,  60. 
295-1302. 
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In  the  plants  known  as  cyanogenetic  plants,  substances  have  been 
found  in  which  hydrocyanic  acid  is  in  combination  with  other  com- 
pounds. As  an  example  of  such  compounds  may  be  cited  amygdalin,  a 
compound,  which  will  jaeld  hydrocyanic  acid  and  benzaldehyde,  foufld 
in  the  bitter  almond.  Compounds  of  this  sort  may  be  made  to  give  up 
their  hydrocyanic  acid  by  the  action  of  suitable  reagents,  such  as  by  the 
action  of  acids  upon  amygdalin.  Another  method  of  breaking  off  the 
hydrocyanic  acid  is  by  the  action  of  certain  ferments.  Almost  invari- 
ably the  cyanogenetic  substance  is  found  to  be  accompanied  in  the  plant 
by  a  ferment  most  suitable  for  that  substance.  When  the  cells  of  the 
plant  are  broken  the  ferment  has  opportunity  to  act  upon  the  hydro- 
cyanic acid-holding  compound  and  the  acid  is  liberated. 

The  poisonous  properties  of  the  cyanogenetic  plants  may  be  reason- 
ably thought  to  be  due  to  hydrocyanic  acid  liberated  as  described  above. 
That  other  poisons  are  present  may  be  possible  and  has  been  suggested, 
but  laboratory  examination  has  failed  to  disclose  the  presence  of 
notable  amounts  of  other  poisonous  substances  such  as  alkaloids  or 
saponins. 

In  the  sample  submitted,  which  had  lost  79.2%  of  moisture  in  drying, 
there  was  found  0.264%  hydrocyanic  acid.  Calculated  to  the  original 
green  weight  of  the  plant,  this  is  equivalent  to  0.0549%  hydrocyanic 
acid  in  the  original  plant.  That  there  is  a  possibility  that  a  part  of  the 
hydrocyanic  acid  originally  present  in  the  green  plant  was  lost  in 
drying,  has  been  shown  to  be  the  case  in  the  drying  of  sorghums.  This 
would  make  the  above  figure  lower  than  it  should  be  for  the  green 
plant.  Dowell*  showed  that  in  the  drying  of  sorghum  approximately 
three-fourths  of  the  acid  is  set  free. 

Laboratory  evidence  in  this  case  shows  that  we  have  been  dealing 
with  a  cyanogenetic  substance,  the  nature  of  which  will  form  the  sub- 
ject of  a  more  technical  paper  from  this  Station  in  the  future. 

Poisonous  plants  of  this  type  sometimes  appear  to  have  an  erratic 
action  both  in  feeding  experiments  and  also  when  animals  are  gracing 
at  will.  Apparently  the  grazing  of  sheep  and  cattle  upon  such  plants 
has  not  been  accompanied  with  fatal  results  in  every  case.  The  areas 
from  which  the  samples  used  in  these  experiments  were  obtained  have 
been  and  are  used  for  the  grazing  of  sheep  with  the  only  results  that 
at  times  lambs  succumb.  Cattle  have  been  fed  safely  upon  sorghums 
which  unquestionably  contained  hydrocyanic  acid  and  which  at  other 
times  and  under  different  conditions  of  feeding  caused  fatal  results. 
The  leaves  of  the  choke-cherry  contain  hydrocyanic-producing  sub- 
stances, but  poisoning  does  not  necessarily  accompany  natural  feeding, 
although  fatal  results  have  been  reported.  Linseed  cake  has  been  the 
subject  of  many  experiments,*  and  has  been  found  to  contain  lethal 
doses  of  hydrocyanic  acid  in  the  amounts  fed,  but  still  was  successfully 
used  in  feeding  and  fattening. 

In  explaining  such  a  state  of  affairs  it  is  necessary  to  consider  all  of 
the  possible  factors  which  contribute  to  the  action  of  these  compounds. 
Auld*  has  pointed  out  that  under  digestive  conditions  cyanogenesis  is 
likely  to  be  innibited.  He  shows  that  the  presence  of  acids,  alkalies, 
salts,  cellulose  and  glucose  all  tend  to  prevent  the  liberation  of  the 

'DowelL  C.  T. :    Cyanosrenesis  in  Andropogron  Sorshum.    J.  Affr.  Res.  (1919)  16.  17,  176-81. 
'Auld.    S.    J.    M. :     Cyanoflrenesis    under    Disrestive   Conditions.      Jour.    A^r.    Set.  (1918)  9 
408-88. 
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poison,  and  that  in  the  cases  of  feeding  in  which  poisoning  occurs  it  is 
likely  that  there  is  some  element  which-  interferes  with  the  inhibition 
which  would  normally  take  place.  The  possibility  of  the  formation  of 
hydrocyanic  acid  in  the  food  .before  feeding  is  very  likely  in  cases  in 
which  the  feeding  stuff  is  manipulated  or  prepared  before  administra- 
tion. In  the  case  of  green  food,  only  the  rupturing  of  the  cells  is  suf- 
ficient to  produce  the  free  poison,  and  in  the  case  of  the  dry  material, 
which  is  generally  more  or  less  broken  up,  it  is  only  necessary  to  intro- 
duce moisture  to  produce  the  free  poison.  If  inhibition  can  be  due  to 
an  alkaline  medium,  the  normal  conditions  in  the  mouth  during  eating 
and  in  the  rumen  of  the  animal  would  have  a  protective  action  and 
would  tend  to  prevent  poisoning.  Anything  interfering  with  normal 
mastication  and  the  attendant  mixing  of  saliva  with  the  food  would 
evidently  interfere  with  the  inhibitory  process  and  end  with  disastrous 
results.  Auld  (loc.  cit.)  points  out  the  protective  effect  of  cellulose  and 
glucose,  and  that  these  carbohydrates  have  an  inhibitory  action  on  the 
evolution  of  hydrocyanic  acid  has  been  observed  by  other  investigators 
with  other  plant  materials.  In  fact,  it  has  been  reconunended*  that 
glucose  be  used  as  an  antidote  in  cases  of  poisoning  from  this  source. 
As  a  matter  of  fact,  it  is  probable  that  the  administration  of  glucose 
would  have  but  little  effect  if  done  after  the  symptoms  of  acute  poison- 
ing have  developed.  However,  if  a  suspicious  food  was  to  be  fed,  it 
might  be  mixed  with  a  glucose-containing  material  as  a  precautionary 
measure. 

Another  and  equally  important  factor  is  that  of  the  physical  con- 
dition of  the  animal  when  fed ;  the  state  of  its  health  and  whether  the 
food  in  question  is  taken  upon  a  partially  filled  or  empty  stomach.  It 
would  appear  in  the  case  of  sorghum,  for  example,  that  cows  turned 
into  sorghum  would  be  fatally  poisoned  if  nothing  had  been  eaten  for 
a  short  time  previously ;  but  if  they  were  first  fed  and  then  allowed 
access  to  the  same  plants  no  poisoning  would  follow. 

Tlie  Season  of  tlie  Tear  when  Arrow-Orasa  Is  Poisonous. 

Feedings  were  made  with  arrow-grass  cut  both  in  early  summer  and 
during  fall.  It  appeared  equally  poisonous  at  both  seasons.  There  is 
good  reason  for  believing  that  the  plant  is  toxic  during  the  entire 
period  of  its  growth. 

The  Part  of  the  Plant  which  Is  Poisonous. 

The  greater  part  of  arrow-grass  consists  of  the  leaves,  the  flower 
stalk  making  only  a  small  portion  of  its  total  weight.  The  leaves  have 
been  conclusively  proven  to  be  poisonous.  We  have  not  found  out 
whether  the  flower  stalks  are  poisonous  because  they  are  more  or  less 
tough  and  unpalatable  and  make  up  only  a  minor  part  of  the  total 
weight  of  the  plant.  The  roots  are  so  firmly  held  down  by  their  fibrous 
growth  that  there  is  little  or  no  chance  of  their  being  eaten. 

The  following  tables  give  the  feeding  tests  which  were  made  with 
sheep  and  cattle  in  the  fall  of  1918  and  the  spring  and  summer  of  1919 ; 
all  the  animals  were  fed  the  fresh  green  leaves  except  a  single  sheep 
wei^iing  seventy  pounds  which  was  fed  three-fourths  of  a  pound  of 
the  gieen  fruits  without  results : 

*Pcten,  A.  F.,  Skide,  H.  B.,  and  Atcft.  Samuel:  Poisoning  of  Cattle  by  Common  SorRrhum. 
»4  Kafir  Corn.    Nebraska  Station  Bnlletin  No.  77. 
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Sheep-Feeding 

12 
Tests  with  Green  Material,  1918-1919 

Animal 
No. 

42 — 

40 

39 

WelRht 

of 
animal 

70  lbs. 
100  lbs. 
97  lbs. 
75  lbs. 

72  lbs. 
75  lbs. 
75  lbs. 
81  lbs. 
75  lbs. 

73  lbs. 
70  lbs. 

80  lbs. 

Date 

10-7-1918 
10-7-1918  1 
10-8-1918 
10-10-1918 
10-15-1918  1 
10-29-1918 
11-7-1918  1 
4-12-1919 
4-15-1919  t 
4-15-1919 
6-3-1919  1 
6-3-1919  ' 
6-4-1919 
6-6-1919 
6-^1919 
6-7-1919 
6-11-1919 
6-12-1919  1 
6-11-1919  ! 
i 

Time  fed 

4:40  p.  m. 

4:30  p.  m. 

3:10  p.  m. 

4  p.  m. 

11:40  a.m. 

2:30  p.  m. 

9  a.  m. 

9  a.  m. 

9:30  a.  m. 

9:40  a.  m. 

11:40  a.m. 

1:15  p.  m. 

10:60  a.  m. 

10  a.  m. 

10  a.  m. 

2  p.  m. 

2  to  4  p.  m. 

9:20  a.  m. 

9  to  10:20  a.  m. 

Amount 
fed 

ilb. 

lib. 

4Ub8. 

2  lbs. 

2  lbs. 

3  lbs. 
21  lbs. 

lib. 

lib. 
lilbs. 
li  lbs. 

lib. 
11  lbs. 
Ulbs. 

2  lbs. 
21  lbs. 
illbs. 

2ilb8. 

li  lbs. 

Time 
symptoms 
appeared 

None 

None 

3:26  p.  m. 

Time  of 
death  or 
recovery 

Final  result 

1 

4:13  p.m. 

Death 

42 

46 

26 

29 

26-- 

46 

.Siiffhtly  sick 

12:05  p.  m. 

None 

None 

None 

None 

None 
12:60  a.  m. 

None 

None 

None 

None 

None 
4:30  p.  m. 
9:30  a.  m. 
10:30  a.  m. 

1:40  p.m. 

Detth 



1:15  p.m. 

D»th 

""■7  p.m.' 
9:55  a.m. 
10:55  a.m. 

..II  Recovery 

Death 

Death 

As  a  result  of  the  twenty  feeding  tests,  7  sheep  were  poisoned,  5  of 
which  died.  The  weight  of  green  material  required  to  make  a  sheep  sick 
or  to  kill  it  varied  from  1|  pounds  to  4^  pounds,  the  average  fatal  dose 
being  approximately  2.4  pounds.  Because  of  the  extremely  irregular 
way  in  which  plants  containing  hydrocyanic?  acid  act  on  animals,  it 
would  be  diflficult  to  state  accurately  just  how  much,  of  the  plant  is 
required  to  kill  a  sheep  or  to  make  it  sick. 

However,  the  above  tests  demonstrate  conclusively  that  arrow-grass 
is  a  plant  containing  an  active  poison,  and,  although  the  amounts  neces- 
sary to  produce  sickness  or  death  may  seem  high,  in  realty  they  are 
not ;  for  the  plant  is  made  up  of  a  rather  open  cellular  structure  con- 
taining a  high  percentage  of  water.  Further,  when  poisoning  does 
take  place  death  is  likely  to  follow;  this  is  shown  by  the  fact  that  of 
7  animals  poisoned  5  died.  Four  of  the  deaths  were  caused  by  2^ 
pounds  or  less  of  green  material. 

A  series  of  feeding  tests  with  cattle  made  in  spring,  summer  and 
autumn  with  green  arrow-grass  failed  to  cause  poisoning.  The  tests 
are  summarized  in  the  table  at  the  top  of  page  13. 

Two  pounds  of  green  arrow-grass  had  no  effect  on  Steer  No.  735.  In 
October  this  animal  ate  an  average  of  15|  pounds  daily  for  7  days  or 
a  total  quantity  of  110^  pounds,  with  no  bad  effects.  The  material 
for  this  test  as  shown  in  the  table  was  collected  during  October.  The 
June  feeding  tests  also  resulted  negatively. 

These  results  cannot  be  taken  to  mean  that  fresh  green  arrow-grass 
is  not  poisonous  to  cattle;  for  we  must  constantly  keep  in  mind  the 
irregular  and  apparently  inconsistent  action  of  plants  containing 
hydrocyanic  acid.  There  is  a  possibility  that  under  different  condi- 
tions of  feeding  and  at  another  time  the  feeding  of  the  same  quantity 
or  even  less  would  have  caused  poisoning.  Many  valuable  forage  plants 
in  the  sorghum  group  contain  hydrocyanic  acid;  and  yet  they  are 
ordinarily  fed  without  causing  losses.  However,  on  the  other  hand, 
rather  serious  losses  in  cattle  have  been  caused  by  the  sorghums.  With 
arrow-grass,  the  same  erratic  action  may  be  expected.  This  test  would 
seem  to  indicate  that  pastures  where  arrow-grass  grows  are  ordinarily 
not  dangerous  to  cattle;  still,  there  is  always  a  possibility  that  they 
may  eat  just  the  right  amount  at  the  right  time  with  deadly  results. 
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Cattle-Feeding  Tests  with  Green  Leaves.  1918-1010 


Animal  No. 


736.. 


WefRht  of 
animal 

Date  fed 

Time  fed 

Amount  fed 

530  lbs. 
515  lbs. 

10-10-1918 
10-10-1918 
10-12-1918 
10-15-1918 
10-22-1918 

3  p.  m. 

4  p.  m. 
9  a.  m. 
9a.  m. 

12  p.  m. 

2  lbs. 

9ilb9. 

11  lbs. 
19  lbs. 
201b«. 

10-28-1918 

S         10  a.  m.     1 

t          2  p.  m.     t 

2  p.  m. 

9  a.m. 

12  m. 

4  p.  m. 

11:30  a.  m. 

14  lbs. 

10-26-1918 
10-27-1918 
10-27-1918 
10-27-1918 
4-1&-1919 

23  lbs. 

187  lbs. 

10  lbs. 
4  lbs. 
1}  lbs. 

6-4-1919 

\        10  a.m.    > 
1     8:30  p.  m.   < 

13i  lbs. 

6-&-1919 

S          1  p.  m.    J. 
1         8  p.  m.    i 

8}  lbs. 

6-6-1919 

}          8  a.m.   «. 
(         1  p.  m.    1 

6i  lbs. 

6-7-1919 
6-8-1919 
6-10-1919 

3  p.  m. 
2  p.  m. 
Ip.  m. 

2ilb8. 

4  lbs. 
8i  lbs. 

141  lbs. 

6-10-1919 

j     5:30  p.m.   ( 
1    10:30  p.  m.   t 

8i  lbs. 

6-11-1919 

\     8:30  a.m.   {. 
1         5  p.  m.    t 

m  lbs. 

Feeding  Arrow-Grass  in  Hay. 

The  following  feeding  tests  were  made  with  sheep  and  cattle  to 
determine  the  effect  of  various  proportions  of  dry  arrow-grass  when 
put  up  in  hay  and  fed.  The  plant  material  for  these  feedings  was 
collected  in  1919  on  a  ranch  near  Reno.  One  lot  of  26^  pounds  of  fresh 
arrow-grass  was  collected  June  3,  4  and  5  and  air-dried  to  5^  pounds. 
Another  lot  of  38f  pounds  was  collected  on  August  9  on  the  same  ranch 
and  air-dried  to  9^  pounds. 

Sheep-Feeding  Tests  with  Air-Dried  Arrow-Grass 


Animal  Xo. 


Weiurht 

of 
animal 


Date 
fed 


Time  fed 


Amount  i 
fed      I 


Time 
symptoms 
appeared 


Time  of 
death  or 
recovery 


» 941bs. 

37 831be. 

58 lOllbs. 

53 lOSlba. 

« 115  lbs. 

58 lOOlbs. 

51.... 


96  lbs. 

1061bB. 

» lOOlbB. 

51 1  961bs. 

? !  87Ib8. 

51 lOOlbs. 

« 82Ib8. 


8-5-1919 
8-5-1919 

8-6-1919 

8-6-1919 

8-6-1919 

8-7-1919 

8-lfr-1919 
8-15-1919 
8-16-1919 
fr-20-1919 
8-20-1919 
8-20-1919 
8-20-1919 


4  p. 

4:20  p. 

4:45  p. 

10  a. 

11:30  a. 

10  a. 

11:30  a. 

2:30  p. 

3:30  p. 

1:30  p. 

2:30  p. 

3.30  p. 

3  p. 

8:50  a. 

6:50  a. 

7a. 

7.-20a. 

7:80  a. 


m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 


8  0E8. 

12  OES. 

4  OZ8. 

4oz8. 
5i  ozB. 

4oz8. 

1  oz. 

loz. 
3ozs. 

1  oz. 

2oz. 

3  OZB. 

2i  OZB. 


4:60  p.  m.      5:50  p.  m. 
5:30  p.  m.  Niirht 

5:15  p.  m.      9:80  p.  m. 


4  p.  m.      4:35  p.  m. 
3:20  p.  m.  7  p.  m. 


8:30  a.  m.     10:15  a.  m. 


8:03  a.  m. 


)a.  m. 


Final  result 


Death 

.  Recovery 
.  Recovery 
.  Nesrative 
....  Death 


.  Recovery 
.  Nesrative 
.  Netrative 
.  Nesrative 
.  Nesrative 
.  Negative 
....  Death 
....  Death 


1 133  lbs.         8-8-1919      9:30  a.m. 


Tests  with  a  Yearling  Calf 

9:50  a.  m.  I  10:20  a.  m.   Death 


7ozs. 


t- 


Thirteen  feeding  tests  were  made  with  the  air-dried  material  fed  to 
sheep,  six  of  which  tests  either  made  the  animal  very  sick  or  else  caused 
death.  These  tests  prove  conclusively  that  small  amounts  of  the  dried 
plant  are  highly  poisonous  to  sheep.  The  smallest  amount  which  was 
fatal  to  a  sheep  was  2J  ozs.,  the  average  fatal  dose  being  approximately 
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Figure  1.    Typical  plant  of  Arrow-Orasa,  showing  cluster  of  leaves 
and  two  flower  stalks. 
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Figure  2.    Arrow-CHrasa,  growing  among  other  plants  and  graeses. 


Digitized  by 


Google 


16  

Case  No.  2— No.  42. 

A  ewe  weighing  75  pounds  was  fed  2  pounds  of  green  arrow-grass 
leaves  at  11 :  40  a.  m. ;  at  12 :  05  p.  m.  she  was  walking  with  a  stiff 
peculiar  gait  the  hindlegs  far  apart  and  held  back.  Soon  muscular 
twitchings  commenced.  At  12 :  25  p.  m.  the  respiration  was  25.  At 
12:  30  she  fell  down,  displaying  spasms  with  a  peculiarly  regular  up- 
and-down  movement  of  the  head.  Spasms  occurred  at  short  intervals 
until  a  little  before  death.  At  1 :  28  p.  m.  the  respiration  was  19.  At 
1 :  37  p.  m.  the  mouth  was  held  open  with  the  tongue  out  and  breathing 
had  almost  ceased.    Death  occurred  at  1 :  40  p.  m. 

Autopsy  showed  moderately  congested  abomasum,  spleen  dark  alid 
mushy,  small  intestine  congested,  lungs  slightly  congested;  all  other 
organs  apparently  normal. 

Case  No.  3 — ^No.  26. 

A  yearling  wether  weighing  73  pounds  was  fed  1^  pounds  of  green 
arrow-grass  leaves  at  11 :  40  a.  m.    At  12 :  50  p.  m.  he  was  down  on  his 


^  t  - 


Figure  7.    Sheep  in  early  stages  of  Arrow-Grass  poisoning. 

belly  with  legs  stretched  out,  mouth  open;  very  audible  breathing 
through  mouth,  and  distinct  twitching  movements  of  head  and  rolling 
of  eyes.  At  1  p.  m.,  respiration  16,  temperature  103.2.  Had  a  series 
of  spasms  at  regular  short  intervals  until  death,  which  occurred  at 
1: 15  p.  m. 

Autopsy  showed  fourth  stomach  slightly  reddened,  small  hemor- 
rhages on  heart ;  spleen  darkened ;  all  other  organs  apparently  normal. 

Case  No.  4— No.  46. 

A  ewe  weighing  70  pounds  was  fed  2^  pounds  of  green  leaves  of 
arrow-grass  betw^een  2  p.  m.  and  4  p.  m.  She  commenced  to  feel  dis- 
tressed and  acted  unnatural  almost  as  soon  as  the  feeding  was  finished, 
standing  with  head  down,  appearing  very  dull  and  caring  little  to 
move  about.  This  state  of  inactivity  was  maintained  until  5 :  45  p.  m- 
when  she  commenced  to  brighten  up,  and  at  7  p.  m.  appeared  quite 
normal,  for  she  was  eating  a  little  hay. 
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Case  No.  5r-No.  46. 

The  same  sheep  as  in  Case  No.  4  was  again  fed  the  next  day  2^ 
pounds  at  9 :  20  a.  m.  and  was  very  sick  by  9 :  30  a.  m.  She  was  breath- 
ing through  the  open  mouth,  with  frequent  twitching  movements  of 
the  muscles  of  the  neck,  wrinkling  movements  of  the  lips  and  a  chewing 
movement  of  the  jaws.  At  9 :  45  a.  m.  she  was  down  on  her  side  with 
spasms  most  of  the  time  until  9 :  50  a.  m.,  when  she  began  to  regurgitate 


Pigure  8.    Sheep  down  in  convulsions,  Arrow-Grass  poisoning. 


Figure  9.    Sheep  dying  from  Arrow-Orass  poisoning. 

food  which  passed  out  both  through  the  mouth  and  nostrils.     Death 
occurred  at  9 :  55  a.  m.,  thirty-five  minutes  after  she  was  fed. 

Autopsy  (by  Dr.  E.  C.  Louck)  :  Slight  congestion  of  fourth  stomach, 
large  intestine  congested;  small  hemorrhages  on  ventricles;  all  other 
organs  apparently  normal. 

Case  No.  6 — ^No.  29. 

A  yearling  lamb  weighing  80  pounds  was  fed  three-fourths  of  a 
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pound  of  green  material  between  9  a.  m.  and  10 :  20  a.  m.  He  was  sick 
at  10 :  30  a.  m.  ten  minutes  afterwards.  Breathing  through  the  mouth 
was  very  audible;  and  the  animal  was  soon  down  on  its  side.  The 
respiration  was  50,  temperature  101.4.  He  lay  on  his  side  with  dif- 
ficult breathing  and  series  of  spasm^  at  frequent  intervals  until  shortly 
before  death,  which  occurred  at  10 :  55  a.  m.,  thirty-five  minutes  after 
feeding. 

The  autopsy  showed  small  hemorrhages  of  the  heart;  all  other 
organs  appeared  normal.  Because  of  regurgitation  shortly  before 
death,  the  lungs  contained  food  material. 

Case  No.  7— No.  60. 

A  ewe  weighing  94  pounds  was  fed  8  oz.  of  the  dry  leaves  at  4  p.  m. 
At  4 :  50  p.  m.  she  was  down  and  unable  to  rise.  Peculiar  jerky  move- 
ments of  the  head  took  place.  At  5  p.  m.  she  began  having  a  series  of 
convulsive  spasms  at  intervals  of  four  or  five  minutes  until  death, 
which  occurred  at  5 :  50  p.  m.    Just  before  death  she  vomited  a  little. 

Autopsy  showed  slight  inflammation  of  colon ;  severe  congestion  of 
both  lungs ;  slight  hemorrhages  in  the  endocardium  of  the  ventricles. 

Case  No.  8— No.  37. 

A  ewe  weighing  83  pounds  was  fed  12  ozs.  of  the  dry  leaves  between 
4 :  20  p.  m.  and  4 :  45  p.  m.  At  5 :  30  p.  m.  she  -was  dull  and  could 
hardly  be  induced  to  get  up.  Slight  jerky  movements  of  the  muscles 
of  the  head  and  neck  took  place,  becoming  more  pronounced  until  7 :  20 
p.  m.  When  next  observed,  at  9 :  30  p.  m.,  she  was  much  better,  being 
up  and  walking  about,  but  still  very  much  indisposed.  Next  morning  at 
8  a.  m.  she  appeared  to  have  fully  recovered. 

Case  No.  9 — ^No.  58. 

A  ewe  weighing  101  pounds  was  fed  4  ozs.  of  the  dry  leaves  between 
10  and  11:  30  a.  m.  At  5: 15  p.  m.  she  was  breathing  rapidly,  the 
respiration  being  150  per  minute.  This  condition  lasted  until  7  p.  m. 
No  other  symptoms  were  observed.  Next  morning  she  was  eating  a 
little  hay ;  at  9 :  30  a.  m.  the  following  day  she  appeared  to  have  fully 
recovered. 

Case  No.  10— No.  54. 

A  ewe  weighing  115  pounds  was  fed  5  J  ozs.  between  2:  30  p.  m.  and 
3 :  30  p.  m.  At  4  p.  m.  she  was  sick,  breathing  through  the  mouth ; 
respiration,  104 ;  temperature,  103.6.  While  standing,  frequent  jerky 
muscular  movements  of  the  whole  body  took  place.  At  4: 12  p.  m.  she 
was  down  with  head  and  legs  moving  almost  constantly,  except  during 
spasms  when  the  legs  were  stretched  out  and  the  head  and  neck  drawn 
back.    The  animal  died  at  4 :  35  p.  m. 

Autopsy  showed  considerable  congestion  in  rumen  and  fourth 
stomach ;  spleen  darkened  and  mushy ;  kidneys  congested ;  abdominal 
lymph  glands  congested ;  lungs  moderately  congested. 

Case  No.  11— No.  58. 

A  ewe  weighing  100  pounds  was  fed  2  ozs.  of  the  dry  leaves  at  1 :  30 
p.  m.  and  2  ozs.  more  at  2 :  30  p.  m.  At  3 :  20  she  was  sick ;  respiration, 
70 ;  breathing  deep  and  audible ;  trembling  of  the  muscles,  especially 
those  of  the  legs.  At  3 :  40  she  was  down ;  respiration  30 ;  breathing 
hard  and  very  audibly  through  the  mouth.    She  remained  down  with 
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head  flat  on  the  ground  until  after  5 :  10  p.  m.  At  5 :  50  p.  m.  she  was 
up  and  able  to  walk,  but  still  quite  weak.  At  7  p.  m.  she  appeared  to 
have  fully  recovered. 

Case  No.  12— No.  61. 

A  ewe  weighing  100  pounds  was  fed  3  ozs.  of  air-dried  leaves  at  7 :  20 
a.  m.  At  8 :  30  a.  m.  she  was  sick.  Down  on  side  with  spasms  at  9 :  30 
a.  m. ;  respiration,  44 ;  temperature,  103.6.  Breathing  was  mainly 
through  the  mouth.  At  10  a.  m.  she  was  lying  quietly  on  her  side, 
breathing  hard  and  audibly.    Died  at  10 :  15  a.  m. 

Autopsy  showed  considerable  congestion  of  lungs  and  a  few  small 
hemorrhages  of  the  heart.    Other  organs  presented  no  gross  lesions. 

Case  No.  13 — No,  62.  * 

A  ewe  weighing  82  pounds  was  fed  2J  ozs.  of  dry  arrow-grass  leaves 
at  7 :  30  a.  m.  Sick  at  8 :  03  a.  m.,  having  a  peculiar  twitching  of  the 
muscles.    Down  on  one  side  at  8 :  30  a.  m.    Frequent  spasms  occurred. 


Figure.  10.  Calf  dying  in  convulsions  from  Arrow-Grass  poisoning. 

Respiration,  65 ;   temperature,  104.2.    At  8 :  45  a.  ra.  respiration  had 
fallen  to  28.    Death  took  place  at  9  a.  m. 

Autopsy  showed  congestion  of  lungs  and  of  the  fourth  stomach. 
Other  organs  appeared  normal. 

Case  Ko.  14— No.  62. 

A  ewe  weighing  82  pounds  was  fed  4  ozs.  of  dry  leaves,  an  ounce  at 
a  time  hourly  in  order  to  find  out  if  the  poison  would  be  eliminated 
fast  enough  so  that  poisoning  symptoms  wpuld  not  develop.  The  last 
feeding  was  at  4 :  20  p.  m.  and  at  5  p.  m.  she  was  sick.  The  first  notice- 
able symptom  was  a  trembling  of  the  muscles  of  the  legs ;  respiration, 
70.  At  5 :  02  p.  m.  she  was  down,  breathing  through  the  mouth.  She 
remained  in  this  condition  until  after  6 :  30  p.  m.  At  7 :  30  p.  m.  she 
was  up.  walking  around,  but  soon  fell  down  again.  She  was  soon  on 
her  feet  again,  but  at  7 :  40  she  had  another  spasm  and  fell  down.  At 
10 :  30  p.  m.  she  was  up  and  able  to  walk  around,  her  gait  was  very 
unsteady ;  the  next  morning  at  7 :  30  a.  m.  she  appeared  to  have  fully 
recovered. 
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Case  No.  15— No.  1. 

A  small  yearling  calf  was  fed  8  ozs.,  of  which  almost  1  oz.  was  left 
uneaten  at  9 :  30  a.  m.  At  9 :  50  a.  m.  he  was  sick.  Most  of  the  time 
he  lay  on  his  side  and  at  frequent  intervals  he  had  spasms  when  his 
head  would  be  pulled  back  and  legs  stretched  out.  At  10 :  15  the  res- 
piration was  10 ;  and  he  appeared  to  be  dying.    He  died  at  10 :  20  a.  m. 

The  autopsy  revealed  no  lesions. 

Symptoms  of  Poisoning. 

The  first  symptom  noted  was  abnormal  breathing,  usually  ven* 
rapid,  often  as  high  as  150  per  minute,  in  sheep.  In  other  cases  it  was 
slow  and  deep.  As  symptoms  of  poisoning  developed,  the  animal 
breathed  quite  freely  through  the  mouth,  often  with  the  tongue  hang:- 
ing  out.  This  abnormal  breathing  was  often  accompanied  by  trem- 
bling or  jerking  movements  of  the  muscles.  In  severe  cases  these 
jerking  movements  would  develop  into  spasms  or  convulsions.  After 
these  started  the  animal  would  lie  on  its  side  panting  through  the  wide- 
open  mouth.  From  the  time  the  animal  ^^ent  down  until  partial 
recovery  or  death  there  would  be  a  series  of  convulsions  at  short  inter- 
vals. Several  of  the  animals  vomited  just  before  death,  drawing  part  of 
the  regurgitated  material  into  the  lungs,  which  may  have  hastened 
death. 

Autopsy  Findings. 

The  autopsy  findings  are  few  and  not  characteristic  in  any  way, 
with  the  possible  exception  of  congestion  of  the  lungs.  Fifty  per  cent 
of  the  cases  showed  endocardial  or  epicardial  hemorrhages  and  forty 
per  cent  a  spleen  that  was  dark  and  mushy.  In  general,  the  blood  was 
darker  than  normal  and  formed  a  clot  that  was  rather  soft.  The 
moderate  congestion  observed  in  the  intestinal  tract  is  of  little  signifi- 
cance, and,  because  of  the  lack  of  uniformity  of  the  location  of  the 
lesion,  might  be  due  to  other  causes.  No  odor  of  cyanide  was  noted  in 
any  of  the  cases ;  but  all  the  autopsies  were  made  in  the  open. 

If  these  deaths  were  due  to  cyanide  poisoning  as  indicated  by  the 
symptoms  and  chemical  findings,  the  autopsy  findings  would  probably 
be  negligible.  Various  writers  on  toxicology  consider  the  post-mortem 
changes  in  cyanide  poisoning  as  of  little  aid  in  diagnosis.  Nunn 
(Veterinary  Toxicology,  1907,  p.  130)  states;  "The  post-mortem 
appearances  are  nothing  characteristic,  excepting  the  pervading  smell 
of  almonds  from  the  intestines  and  in  a  lesser  degree  from  the  whole 
body."  Friedberger  and  Frohner  (Veterinary  Pathology,  Vol.  I, 
Translation  by  Hayes,  Sixth  Edition  1908,  p.  236)  say:  "Autopsy 
shows  bright-red  blood  in  acute  cases,  brown  when  chronic;  smell  of 
bitter  almonds ;  signs  of  asphyxia." 

Feeding  Conditions  under  wliich  Poisoning  by  Arrow-Grass  Is  Likely  to  Occur. 

Few  cases  of  natural  poisoning  have  been  observed.  In  one  instance 
an  owner  of  live  stock  stated  that  he  had  had  a  number  of  cows  in 
corral  on  dry  fe^^d  for  some  time.  On  releasing  them  they  went 
directly  to  a  patch  of  arrow-grass  which  they  ate  greedily.  There  was 
very  little  grass  or  sedge  in  the  patch.  The  poisonous  material  was 
therefore  but  little  diluted,  and  the  death  of  several  animals  soon  fol- 
lowed. The  same  stockman  reported  that  he  was  very  likely  to  lose 
animals  when  they  were  fed  from  a  stack  of  wild-grass  hay  cut  on 
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meadows  containing  large  quantities  of  arrow-grass.  A  sheep  owner 
reported  the  death  of  lambs  when  they  fed  late  in  the  spring  on 
meadows  where  arrow-grass  was  abundant.  From  the  statement  it 
appeared  probable  that  death  was  due  to  this  plant. 

There  seems  some  reason  to  believe  that  the  plant  might  cause  death 
in  animals  which  had  been  on  dry  feed  so  long  that  they  would  fill  up 
on  almost  anything  green.  There  appears  to  be  greater  danger  when 
the  plant  is  fed  dry  in  hay ;  the  dose  required  to  kill  is  then  far  smaller, 
and  there  is  greater  probability  that  a  fatal  quantity  will  be  eaten. 

Cure  of  Apimala  Poisoned  with  Arrow-Orass. 

No  experiments  were  made  to  determine  whether  it  would  be  possible 
to  cure  a  poisoned  animal.  Apparently  there  is  little  hope  or  prospect 
of  success,  because  a  dose  large  enough  to  cause  illness  is  likely  to  cause 
death,  and  because  the  interval  between  the  time  when  the  first  symp- 
toms appear  and  the  fatal  result  is  too  short  to  permit  of  treatment. 

Prevention  of  Poisoning. 

With  arrow-grass  as  with  other  poisonous  plants  it  appears  that  not 
much  can  be  hoped  for  in  the  cure  of  animals  already  poisoned,  but 
that  a  good  deal  can  be  done  to  prevent  poisoning.  Wet  meadows, 
where  arrow-grass  is  very  common,  should  not  be  cut  for  hay.  How- 
ever, where  the  plant  is  distributed  in  small  clumps  rathei*  uniformly 
and  is  not  very  abundant  there  is  little  danger.  The  largest  clumps 
should  not  be  cut,  or,  if  cut,  should  not  be  loaded  on  the  wagons 
and  should  be  burned  when  dry.  Animals  should  not  be  put  on  pas- 
tures containing  an  abundance  of  arrow-grass  when  they  are  very 
hungry.  In  some  cases,  moreover,  portions  of  pastures  and  meadows 
where  arrow-grass  grows  in  great  abundance  should  be  fenced  and  left 
unused.  By  these  methods  it  should  be  easy  to  prevent  losses  due  to 
this  poisonous  plant. 
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STUDIES  OF  POISONOUS  PLANTS  IN  THE  UNIVERSITY 

OF   NEVADA 


In  recent  years,  as  the  forage  on  the  open  public  range  in  Nevada  has 
become  more  and  more  depleted,  losses  of  sheep  and  cattle  from  poison- 
ous plants  have  steadily  increased.  However,  even  the  stockmen  and 
herders  themselves  do  not  know  fully  just  which  plants  are  poisonous 
nor  how  to  avoid  them. 

The  Nevada  Agricultural  Experiment  Station  has  therefore  under- 
taken a  study  of  the  poisonous  plants  of  the  sheep  and  cattle  ranges. 
The  experimental  work  is  of  a  simple  character,  consisting  largely  of 
practical  feeding  tests.  The  plants  are  brought  to  the  University  fresh 
from  the  ranges  and  are  fed  to  common  range  live  stock  in  small  corrals. 
The  symptoms  of  poisoning  are  recorded ;  and  after  the  death  of  the 
animal  the  carcass  is  cut  up  and  the  organs  are  removed  and  studied. 

An  attempt  is  also  made  to  isolate  the  active  poisonous  principle  of 
the  plant  by  suitable  chemical  methods  and  to  determine  its  chemical 
nature. 

These  experiments  are  showing  clearly  which  range  plants  are  dan- 
gerous, what  part  of  the  plant  is  poisonous,  and  at  what  season  of  the 
year  it  must  be  avoided.  They  are  also  showing  us  that  many  suspected 
plants  are  harmless,  while  others  which  are  considered  harmless  are  in 
reality  deadly. 

In  all  these  experiments  it  is  our  purpose  first  to  obtain  exact 
information  concerning  the  poisonous  range  plants  and  then  to  spread 
it  far  and  wide  among  the  stockmen  of  the  West  in  the  hope  of 
diminishing  suflfering  and  loss  among  western  sheep  and  cattle. 

S.B.DOTEN, 
Director,  Nevada  Agricultural  Experiment  Station. 

November  1,  1920. 
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SECTION    I 
The  Milkweeds  as  Plants  Poisonous  to  Live  Stock  in  Nevada 
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SUMMARY 

(1)  There  are  two  common  milkweeds  in  Nevada,  both  of  which  are 
poisonous  to  sheep  and  cattle. 

(2)  One  is  a  slender,  erect,  branching  weed  with  long,  narrow,  dark- 
green  leaves,  small  flowers,  and  slender  pods.  The  other  is  a  tall  and 
fleshy  weed  with  large,  broad,  light-green  leaves,  coarse  flowers,  and 
thick  rough  pods. 

(3)  Both  kinds  grow  in  ifairly  moist  places,  along  irrigation  ditches, 
by  fences  and  on  stream  banks,  on  roadsides,  and  in  patches  in  damp 
pastures. 

(4)  In  the  autumn  the  pods  break  open  and  release  quantities  of 
flat  brown  seeds,  each  of  which  bears  a  tuft  of  shining  silky  hairs, 
lighter  than  thistledown.  The  seeds  are  carried  far  by  wind  and  water. 
Once  established,  the  plant  spreads  locally  by  means  of  its  underground 
stems. 

(5)  Animals  poisoned  by  the  narrow-leaved  milkweed  become  dull 
and  stupid  within  a  few  hours.  They  walk  about  with  a  wobbling, 
unsteady  gait,  finally  losing  all  control  over  the  muscles  of  the  legs, 
and  falling  or  lying  down.  After  the  animal  is  down,  it  has  spasms 
at  short  intervals  in  which  the  legs  are  extended  rigidly.  The  heart 
beats  at  an  increasingly  rapid  rate ;  the  animal  pants  and  grunts.  The 
head  is  drawn  sharply  back.  The  attack  may  last  for  twenty-four 
hours  and  end  with  either  the  death  or  the  recovery  of  the  animal.  If 
it  recovers,  it  will  be  in  a  weak  and  unsteady  condition  for  several  days. 

(6)  Animals  poisoned  by  the  broad-leaved  or  showy  milkweed  stop 
eating,  grow  dull,  and  lie  down;  the  breathing  is  irregular,  difficult, 
and  grunting.  There  are  no  spasms.  The  breathing  becomes  more 
difficult,  and  the  animals  dies  quietly. 

(7)  The  narrow-leaved  milkweed  is  far  more  deadly  than  the  broad- 
leaved  or  sho^vy  species. 

(8)  Two  or  three  other  milkweeds  grow  in  Nevada;  but  they  are 
neither  common  enough  nor  poisonous  enough  to  be  of  any  importance. 

(9)  When  the  narrow-leaved  milkweed  is  accidentally  cut  and  cured 
in  hay,  it  loses  its  bad  flavor,  but  keeps  its  deadly  character,  thus 
becoming  far  more  dangerous  than  when  fresh  and  green.  Even  the 
dead  and  dried  leaves,  left  standing  in  a  field  from  the  summer  before, 
are  poisonous  in  midwinter. 

(10)  It  is  a  costly  and  difficult  matter  to  get  rid  of  the  narrow-leaved 
milkweed  on  even  a  small  piece  of  ground.  If  a  bit  of  the  underground 
stem  is  left  in  the  soil,  it  will  soon  produce  a  new  plant. 

(11)  Both  of  our  poisonous  milkweeds  have  so  unpleasant  a  flavor 
that  neither  sheep  nor  cattle  will  eat  them  except  when  they  are  very 
hungry  and  there  is  practically  nothing  else  in  the  field  for  them  to  eat. 

(12)  Poisoning  may  be  prevented  by  keeping  hungry'  animals  and 
animals  in  poor  condition  away  from  milkweed  patches,  and  by  stock- 
ing pastures  lightly  enough  to  keep  the  animals  constantly  provided 
with  other  food. 
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Figure  1— Flowers  and  Pods  of  the  Narrow-Leaved  liilkweed. 
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OX7B  WESTERN  MUXWEEDB 

For  many  years  several  kinds  of  milkweed  have  been  looked  upon 
with  suspicion  or  considered  poisonous  by  western  stockmen.  This 
opinion  was  based  largely  on  their  own  field  observations;  and  little 
or  no  experimental  work  has  been  done  with  any  of  the  species  except 
the  whorled-leaved  milkweed  {Asclepias  galioides).  The  latter  plant 
has  been  carefully  studied  by  the  Colorado  Experiment  Station,  which 
was  the  first  of  the  western  stations  to  show  that  sheep  may  be  poisoned 
by  this  plant  when  it  is  eaten  either  green  or  dry.  (See  Bulletins  246 
and  255,  Colorado  Agricultural  Experiment  Station.)  Later,  C.  D. 
Marsh  and  his  associates  of  the  Federal  Bureau  of  Plant  Industry  pub- 
lished the  results  of  their  study  of  the  same  species.  (See  Bulletin 
No.  800,  U.  S.  Department  of  Agriculture.) 

In  the  spring  of  1918  the  attention  of  the  Nevada  Experiment  Station 
was  first  called  to  our  local  milkweeds  as  plants  dangerous  to  live  stock 
when  several  lambs  died  after  eating  the  tender,  juicy  young  growth 
of  the  showy  milkweed  (Fig.  4).  Since  that  time  the  Nevada  Station 
has  tested  the  milkweeds  by  conducting  a  long  series  of  experiments 
in  which  the  plants  were  fed  to  both  sheep  and  cattle.  More  work  was 
done  with  the  narrow-leaved  milkweed  than  with  any  of  the  others 
because  it  seemed  to  be  our  most  dangerous  species.  The  result  of  these 
feeding  tests,  together  with  field  observations,  are  presented  in  this 
bulletin. 

CUsses  of  Live  Stock  Poisoned  and  the  Extent  of  Losses  in  this  State  and 
Elsewhere. 

Both  feeding  tests  and  field  observations  have  shown  that  the  narrow- 
leaved  milkweed  {Asclepias  Mexicana)  is  poisonous  to  sheep  and  cattle. 
No  feedings  of  any  species  of  milkweed  have  been  made  to  horses 
because  there  seems  to  be  nothing  to  show  that  horses  have  been 
poisoned  by  these  plants. 

Because  of  the  limited  time  since  the  milkweeds  were  recognized  as 
poisonous  to  live  stock  in  Nevada,  the  extent  of  losses  cannot  be  accu- 
rately estimated.  Further,  unless  especially  large  losses  take  place, 
they  are  usually  not  reported  to  the  Experiment  Station.  However, 
because  of  the  widespread  distribution  of  the  narrow-leaved  milkweed 
and  the  ease  with  which  it  kills,  it  is  reasonable  to  assume  that  losses 
of  live  stock,  at  least  in  small  numbers,  are  constantly  caused  by  this 
common  poisonous  plant. 

In  other  States,  notably  Colorado,  Utah,  and  New  Mexico,  it  has 
been  proven  that  the  whorled-leaved  milkweed  has  caused  the  death 
of  many  sheep. 

Kinds  of  Milkweed  Dangerous  to  Live  Stock  in  Nevada. 

Several  kinds  of  milkweed  grow  in  Nevada  but,  from  the  stockman's 
l>oint  of  view,  the  narrow-leaved  species  is  by  far  the  most  important. 
The  other  kinds  will  be  discussed  briefly  toward  the  end  of  this  bulletin. 
They  are:  the  Showy  Leaved  Milkweed  (Asclepias  speciosa) ;  the 
Heart-Leaved  Milkweed  (Asclepias  cordifolia) ;  and  the  Prostrate  Milk- 
weed (Asclepias  cryptoceras) .  Our  experiments  seem  to  show  that  the 
heart-leaved  and  prostrate  milkweeds  are  not  poisonous  enough  or 
common  enough  to  be  dangerous  on  the  range  or  in  pastures  in  Nevada. 
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General  Beecription  of  the  Milkweeds. 

The  milkweeds  are  usually  erect  plants,  little  if  at  all  branched,  van  • 
ing  in  height  from  one  to  several  feet.  The  roots  live  over  from  year 
to  year,  sending  up  new  stems  each  season.  The  flowers  are  light- 
colored,  white  tinged  with  green  or  pink ;  they  grow  in  rounded  clus- 
ters, each  flower  stalk  arising  from  the  end  of  the  stalk  of  the  cluster. 


/ 
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Figure  2 — Pods  and  Seeds  of  the  Narrow-Leaved  Milkweed. 

Each  flower  has  five  cup-like  structures  (hoods),  inside  of  which  there 
is  a  horn. 

The  flowers  fall  and  are  followed  by  seed  pods  from  one  to  three 
inches  long  which  open  along  one  side  when  dry  to  allow  the  seeds  to 
escape.     The  seeds  are  reddish-brown  and  flat;    on  one  end  there  is 
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a  tuft  of  long,  white,  silky  hairs  by  which  they  are  blown  about.  The 
roots  of  the  milkweeds  are  somewhat  brittle,  whitish  and  thickened; 
this  is  especially  true  of  the  showy  milkweed  (Fig.  4).  The  growth  of 
the  root  is  mainly  horizontal,  as  is  shown  in  Fig.  5 — The  Root  of  the 
Narrow-Leaved  Milkweed.  Sometimes,  however,  the  roots  penetrate 
the:  soil  like  the  roots  of  alfalfa. 

The  milkweeds  have  a  milky  sap  or  juice  which  gives  to  them  their 
common  name  and  distinguishes  them  from  most  other  plants.  How- 
ever, a  milky  sap  is  found  in  many  other  plants,  such  as  the  Mexican 
ix^l^py^  the  dandelion  and  its  close  relatives,  the  wild  lettuce,  spurges, 
and  dog-banes.  From  all  these  plants  having  a  milky  juice,  the  milk- 
weeds may  be  distinguished  by  the  following  differences:  (1)  the  Mexi- 
can poppy  is  spiny,  while  the  milkweeds  are  not;  (2)  the  dandelion  and 
its  near  relatives  have  no  ere'et  stem,  while  the  milkweeds  have;  (3) 
the  general  appearance  of  the  wild  lettuce  is  quite  different  from  the 
milkweeds  and  its  flower  and  flower  clusters  (heads)  are  like  tiny  dan- 
delions and  not  at  all  like  the  tlower  or  flower  clusters  of  the  milkweed ; 

(4)  the  spurges  (Euphorbia)  are  mostly  low,  branching  plants  with 
small  leaves,  the  two  halves  of  which  are  different  in  shape  and  size; 

(5)  some  of  the  dog-banes  might  easily  be  mistaken  for  the  narrow- 
leaved  milkweed,  but  they  branch  more  freely  and  tend  to  be  bushy, 
at  least  toward  the  top.  Their  flowers  are  not  scattered  in  dense  clus- 
ters and  do  not  have  hoods  as  in  the  milkweed.  The  pods  are  similar 
to  those  of  the  milkweed  but  more  slender;  the  seeds  are  also  similar 
but  smaller  and  not  so  flattened. 

How  to  Distinguish  the  Narrow-Leaved  Milkweed  from  the  Showy  Milkweed. 

The  showy-leaved  milkweed  is  quite  abundant  in  Nevada,  but  it  is 
not  nearly  so  poisonous  as  the  milkweed  with  the  long  narrow  leaves. 
The  tw^o  are  easily  distinguished  by  the  following  differences:  (1)  the 
narrow-leaved  milkweed  has  several  leaves  at  each  joint  of  the  stem, 
while  the  shown  species  has  but  two;  (2)  the  leaves  of  the  showy  milk- 
weed are  much  broader,  from  one-third  to  one-half  as  broad  as  they 
are  long;  (3)  the  narrow -leaved  milkweed  has  smooth  pods,  while  the 
showy  species  has  pods  roughened  by  projections.  Figures  3  and  4 
show  the  general  appearance  and  characteristics  of  these  two  plants. 

Where  the  Milkweeds  Grow. 

The  milkweeds  are  widely  distributed  in  Nevada.  They  require 
fairly  wet  soil,  and  do  not  grow  on  the  drier  parts  of  the  range.  They 
are  common  along  irrigation  ditches  and  streams,  along  roadsides,  and 
in  pastures  and  washes  and  idle  lands  which  have  not  been  cultivated 
for  a  number  of  years.  In  such  locations  the  narrow-leaved  kind  is 
more  abundant.  It  has  a  wider  distribution  than  the  showy  milkweed 
or  any  of  the  other  species  found  in  this  State. 

The  milkweeds  usually  grow  in  full  sunlight,  although  they  may  be 
found  in  partly  shaded  places  as  in  orchards  and  among  willows  and 
cottonwoods  along  streams. 

In  several  places  in  Nevada  the  narrow-leaved  milkweed  has  been 
reported  to  be  getting  more  abundant.  Especially  is  this  true  along 
the  banks  of  irrigation  ditches.  Wherever  irrigation  systems  have  been 
extended  to  new  ground,  this  poisonous  weed  soon  grows  abundantly 
along  the  ditch  banks. 
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Figure  3— The  Narrow-Leaved  Milkweed. 
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Figure  4 — The  Broad-Leaved  or  Showy  Milkweed. 
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All  our  observations  indicate  that  after  it  is  once  established  the 
narrow-leaved  milkweed  tends  to  remain  confined  to  the  ditch  banks 
and  adjoining  moist  areas.  There  seems  to  be  little  danger  of  its  estab- 
lishing itself  throughout  the  alfalfa  fields  and  meadow  hay  lands  to 
such  an  extent  that  it  would  cause  the  hay  to  be  discriminated  against 
for  feeding  purposes. 

How  the  Milkweeds  Spread. 

The  milkweeds  produce  quantities  of  flat  brown  seeds,  each  of  which 
bears  a  tuft  of  shining  silky  hair  by  means  of  which  it  floats  on  the 
wind  and  is  carried  to  considerable  distances.  Often  they  are  blown 
into  irrigation  ditches  and  carried  to  distant  fields  by  the  water. 

New  patches  may  start  from  seeds,  or  from  pieces  of  roots  carried 
by  plows  and  other  farm  implements  or  picked  up  by  the  water  and 
transported  to  new  areas. 

Where  the  plant  has  become  established,  the  size  of  the  patch  is 
usually  increased  by  the  shallow  horizontal  underground  stems  which 
give  rise  to  new  plants. 


Figure  6 — ^Boot  of  the  Narrow-Leaved  Milkweed. 


It  is  not  uncommon  for  the  same  root  system  to  connect  up  a  large 
number  of  plants,  all  of  which  were  produced  by  the  spreading  hori- 
zontal roots  of  a  mother  plant.  Thus  when  it  once  becomes  established 
it  is  indeed  hard  to  get  rid  of  this  poisonous  weed  because  of  the 
budding  of  the  roots.  In  some  of  the  milkweeds  such  buds  are  known 
to  form  as  much  as  two  feet  below  the  surface  of  the  ground ;  and  a 
two-inch  piece  of  the  root  of  the  common  milkweed  was  found  by  A.  S. 
Hitchcock  in  Kansas  to  be  able  to  form  a  new  plant.  On  small  areas 
in  Nevada  the  narrow-leaved  milkweed  has  been  dug  and  pulled  two 
or  three  times  during  the  season  without  completely  eradicating  the 
plant,  because  of  its  ability  to  produce  new  plants  from  small  pieces 
of  root  left  in  the  soil.  Thus  any  means  by  which  the  root  is  broken 
up  into  small  pieces  and  left  in  the  ground  will  enable  the  plant  to 
maintain  itself  and  in  some  instances  actually  to  increase. 
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THE  NABBOW-LEAVED  MIIiB:WEED  (AfldepiM  Mdztcana) 
The  Part  of  the  Plant  Which  Is  Poisonous. 

In  our  experiments  we  have  fed  the  whole  top  of  the  plant,  stems, 
leaves,  and  sometimes  flowers  and  seed  pods.  A  few  feedings  were  made 
of  leaves  only,  and  these  few  tests  seem  to  indicate  that  the  leaves  are 
the  most  poisonous  part  of  the  plant.  The  pods  appear  to  be  less 
poisonous  than  either  the  leaves  or  the  stem.  Feeding  of  seeds  alone 
produced  no  s^Tnptoms.  This  indicates  that  the  plant  is  not  more 
dangerous,  but  perhaps  less  so,  when  it  is  full  of  seed  pods  than  at 
other  times.  For  all  practical  purposes  the  entire  plant  may  be 
considered  poisonous. 

The  Time  of  the  Tear  When  It  Is  Poisonous. 

So  far  as  known  the  narrow-leaved  milkweed  is  poisonous  at  all 
stages  of  growth.  Our  tests  showed  it  to  be  poisonous  when  fed  (1)  in 
a  green  condition,  (2)  after  being  cut  and  dried  as  hay,  and  (3)  as  it 
dries  naturally  in  the  field  in  the  fall.  Thus  in  all  stages  it  is  poison- 
ous; and  hay  containing  any  large  amount  of  this  plant  may  be 
regarded  as  extremely  dangerous. 

Amount  Necessary  to  Make  Sick  or  to  KiU. 

We  fed  the  narrow-leaved  milkweed  to  cattle  and  sheep,  (1)  in  a 
fresh  green  state,  (2)  after  being  cut  and  dried,  and  (3)  as  it  cured 
naturally  on  the  stems  in  the  fall,  (4)  the  pods  alone,  and  (5)  the  seeds 
.  alone. 

TABLE  I 
The  Karrow-Leaved  MiUcweed — The  Fresh  Green  Plant  Fed  to  Sheep 


Animftl 


Weight  Djte  fed 
lbs. 


Time  fed 


AmoQDt    Time  symptoms 
fed.  lbs.  ;       observed 


Time  of  death 
or  recovery 


Final  result 


2.. 
28.. 
18.. 
25. 
74.. 
75.. 
78.. 
72.. 
W.. 

8-. 
79.. 

8.. 

«.. 
77.. 
17.. 


120. 

63 

95 

98 

98 

90 

87 

98 

68  , 

72  I 

96 
100 

66  i 

88  < 
61 


6-81-18 
6-31-18 
6-8-18 
6-8-18 
8-12-20 
8-12-20 
8-12-20 
8-12-40 
6-29-18 
6-31-18 
8-11-20 
8-12-20 
6-31-18 
8-12-20 
6-29-18 


2:26  p.  m. 

2:30  p.  m. 

4K)0  p.  m. 

4:05  p.  m. 

4:06  p.  m. 

4:10  p.  m.  , 
'  4:16  p.  m.  i 

4:40  p.m. 

4:10  p.  m.  I 
!  2:40  p.  m. 

4:10  p.  m. 
I  4:20  p.  m.  ' 
I  2:46  p.m. 
•  4:30  p.  m. 
I  4:10  p.m. 


6-  9—7:16  a.  m. 


8-13— 7.-00  a.  m. 
8-13—8:00  a.  m. 
6-30—9:00  a.  m. 
6-  1—9:00  a.  m. 
8-12-8:00  a.  m. 
8-13—6:00  p.  m. 
6-  1—8:00  a.  m. 
8-13—7:00  a.  m. 
6:00  p.  m. 


Nesrative 

NenratJve 

Negative 

6-  9— 6:00  p.m.  l Recovery 

Nesrative 

Nesrative 

8-15— 8K)0a.m Recovery 

8-14—8:00  a.  m.  i Recovery 

6-31—8:30  a.  m Recovery 

6-  2—9:00  a.  m Recovery 

8-13—7:00  a.  m Recovery 

8-14—8:00  a.  m Recovery 

6-1— 4:46p.m Death 

8-16— 8:00  p.  m.  ; Recovery 

Before  9:00  p.  m     Death 


The  animals  were  not  watched  during  the  night,  usually  the  first  observation  being  made  at 
8  o'clock  in  the  morning.  This  is  the  reason  why.  in  this  and  the  following  tables,  under  the 
caption  Time  of  Death  or  Recovery,  "8 :  00  a.  m."  appears  so  often.  It  records  the  condition  of 
the  animal  at  the  first  observation  made  in  the  morning. 

The  tests  summarized  in  this  table  indicate  that  (1)  if  common  rangre 
ewes  eat  one-half  pound  or  less  no  serious  trouble  will  follow;  (2) 
amounts  in  excess  of  one-half  pound  and  up  to  1^  pounds  will  iLsually 
make  the  animal  sick,  but  it  will  recover;  (3)  amounts  of  1^  pounds 
or  more  are  quite  likely  to  cause  death. 
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Figure  6 — Sheep  Poisoned  by  Narrow-Leaved  Milkweed. 


Figure  7 — Sheep  Poisoned  by  Narrow-Leaved  Milkweed. 

TABLE  n 
The  Narrow-Leaved  Milkweed — The  Air-Dried  Plant  Fed  to  Sheep 


Animal 'Weight  Date  fed    Time  fed 
No.    ,     loe. 


AmouDt 
fed.  OZ8. 


66 
87. 
59 
66 
66 
67 
46 
8 
72 
46 


111 

90 
100 
111 
112 
112 

80 
100 

85  , 

85 


10-17-19 
10-17-19 
10-17-19 
10-21-19 
10-17-19 
10-21-19 
10-20-18 
8-24-20 
8-26-20 
11-20-18 


8:20  a.  m. 
10:30  a.  m. 

8:40  a.  m. 
11:30  a.m. 
11:46  a.m. 
11:00  a.m. 

9:30  a.  m. 

2:50  a.  m. 

2:20  a.  m. 
10:00  a.  m. 


Time  symptoms 
observed 


Time  of  death 
or  recovery 


Final  resalt 


10-18— 8.-00  a.  m. 


10-18-8K)0  a.  m. 
10-22-8K)0  a.  m. 
10-20-2:00  p.m. 

8-26—8:00  a,  m. 

Not  observed 
11-20—2:00  p.  m. 


10-23-8K)0  a.  m. 


10-19— 8K)0  a.  m. 
l(>-«4— 8K)0  a.  m. 
10-28— 8.-00  a.  m. 

8-26-8.-00  a.  m. 

8-26— 8K)0  a.  m. 
11-21— 2:46  p.m. 


.Nesativc 
.Neeatlw 
..Recovviy 
.Nccatiw 
..Rflcowry 
..Reoovery 
..Rocowrj 
.Recowry 

De«th 

..._De«th 


After  the  grreen  plant  has  been  thoroughly  dried  in  the  sun  it  loses 
approximately  65%  (two-thirds)  of  its  original  weight.  Its  condition 
is  then  much  the  same  as  it  would  be  if  cut  and  cured  in  hay.  In  the 
feeding  tests  the  air-dried  material  was  in  most  instances  mixed  with 
alfalfa  hay  and  fed. 
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The  feedings  of  hay  and  milkweed  may  be  briefly  summed  up  for 
range  ewes  as  follows:  (1)  3  ounces  may  or  may  not  make  the  animal 
sick,  (2)  4  to  6  ounces  will  usually  produce  poisoning,  (3)  amounts  in 
excess  of  6  ounces  will  probably  cause  death. 

The  dried  milkweed  is  evidently  very  poisonous.  While  the  plai;it  is 
green  sheep  are  very  likely  to  avoid  it  because  the  taste  is  repellent; 
but  after  it  is  dry  it  loses  much  of  its  bad  flavor  and  is  then  more 
dangerous  because  more  readily  eaten. 

It  takes  about  three  parts  of  fresh  milkweed  to  make  one  part  of 
air-dried;  and  it  is  an  interesting  fact  that  if  the  above  amounts  of 
air-dried  material  are  multiplied  by  3  to  give  the  original  green 
weight  they  agree  very  closely  in  most  cases  with  the  results  of  Table  I. 

The  feeding  tests  given  in  Table  II  therefore  indicate  that  drying 
causes  little  if  any  loss  of  the  poisonous  principle.  Consequently  when 
this  milkweed  is  cut  and  fed  in  hay,  it  becomes  a  serious  source  of 
danger. 

TABLE  m 
The  Narrow-Leaved  Milkweed— Tbe  Plant  Which  Had  Dried  NaturaUy  in  the 

Field  Fed  to  Sheep 


AntoalWeiKht  Ditefed 
No.        Ibn. 


Time  fed     Amount    Time  symptoms     Time  of  deitli        pinal  result 
fed,  lbs.         observed  or  recovery      j 


48.. 
S8.. 
43.. 
46.. 
4S.. 
43.. 


86  11-12-19 

116  11-29-19 

80  12-  9-19 

84  12-16-lS 

80  12-W-18 

80  1-  2-19 


2:30  p.m. 

1:50  p.m. 

9:00  a.m. 
10:46  a.  m. 
11:80  a.  m. 

2:00  p.m. 


\ 

1 
U 


11-80— 8K)0  a.  m. 
12-  9—2:46  p.  m. 
12-17— 8K)0  a.  m. 
12-27—8:00  a.  m. 
1-2— 9:00  p.m. 


12-2— 8K)0a.m. 
12-10-8.-00  a.  m. 
12-18—8:00  a.  m. 
12-3O-8K)0  a.  m. 
1-  3— 3.-00  p.  m. 


.Negative 
..Recovery 
.Recovery 
.Recovery 
.Recovery 
Death 


The  plants  which  were  used  in  the  above  feeding  tests  were  collected 
in  late  autumn  after  they  had  fully  matured  and  become  dry.  The 
feedings  were  made  in  the  months  of  November,  December,  and  Janu- 
ary. The  results  may  be  summed  up  briefly  as  follows:  (1)  small 
amounts  up  to  3  ounces  are  not  dangerous,  (2)  amounts  from  5  to  16 
oonces  will  usually  produce  poisoning,  (3)  amounts  in  excess  of  16 
ounces  are  extremely  dangerous,  and  are  likely  to  cause  death. 

Comparing  the  results  given  in  Table  I  with  those  of  Table  III,  it 
is  found  that  it  takes  about  as  much  of  the  naturally  cured  material, 
dry  weight,  to  cause  death  as  of  the  fresh  green  plant.  Prom  this  it 
appears  that  some  of  the  poison  is  destroyed  or  lost  when  the  dried 
plant  stands  exposed  to  snow  and  rain  after  the  leaves  are  dead. 

During  the  fall  and  winter  months  the  dried  plants  may  be  found 
still  standing.  Other  feed  is  usually  very  short  and  scarce  at  that  time 
of  the  year;  and  the  narrow-leaved  milkweed,  still  retaining  a  con- 
siderable part  of  its  original  poison,  is  then  a  source  of  danger  to 
grazing  animals. 

TABLE  IV 
The  Narrow-Leaved  Milkweed — Seeds  Fed  to  Sheep 


Animal 
No. 

W^"|  Date  fed 

Time  fed  1  Amount 
1  fed.ozs. 

Time  symptoms 
observed 

Time  of  death        nnai  result 
or  recovery 

SB 98 

9-7-19 
9-7-19 

3:30  p.m.  '             2 
8:40  p.  m.               6 

1 Negative 

59 p      101 

Negative 
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In  late  summer  and  early  fall  the  narrow-leaved  milkweed  has  a 

large  number  of  seeds  and  pods. 
In  previous  feeding  tests  the  pods 
and  seeds  of  the  showy  milkweed 
were  found  to  be  the  most  poison- 
ous part  of  the  plant;  so  it  was 
thought  that  this  might  also  be 
true  of  the  narrow-leaved  milk- 
weed. Two  feedings  of  seeds  were 
made,  one  of  2  ounces  and  the  other 
of  5  ounces.  Neither  animal  was 
poisoned.  The  quantity  of  seed 
which  we  fed  in  either  test  repre- 
sents the  seed  production  from  a 
large  number  of  plants,  a  number 
in  excess  of  what  it  is  believed  any 
animal  would  be  able  to  get  within 
a  reasonable  length  of  time.  Con- 
sequently it  seems  that  the  danger  of  poisoning  from  these  seeds  is  very 
slight  and  that  such  poisoning  is  highly  improbable. 


Figure  8  —  The  First  Symptoms 
of  Poisoning  by  Nftrrow-Leaved 
Milkweed. 


TABLE  V 
The  Narrow-Leaved  Milkweed — Green  Pods  Fed  to  Sheep 


Animal  WelRht 
No.         lbs. 

Date  fed 

Time  fed 

Amount 
fed.  lbs 

Time  symptoms 
observed 

Time  of  deatli 
or  recovery 

Final  remit 

73 

77 
98 

100 
80 

100 

8-17-20 
8-17-20 
8-17-20 
8-19-20 
8-19-20 

4:20  p.  m. 

1 

..:...  Negative 

74 

4:35  p.m.  ,             1 
4:60  p.m.  ,             2 
7:40  a.m.  ,             2\ 
7:30  a.m.               3i 

.  Negative 

8 

Negative 

89 

8    — 

8-20-7.-O0  a.  m. 

8-22-8:00  a.  m. 

Recovery 

Negative 

Five  feedings  of  green  pods  were  made,  using  amounts  of  from  one- 
half  to  3^  pounds.  None  of  these  feedings  caused  poisoning  with  the 
exception  of  one  2^-pound  feeding.  These  tests  indicate  that  the  pods 
are  less  poisonous  than  the  leaves  and  stems,  and  that  the  danger  of 
loss  is  smaller  when  the  plant  is  full  of  pods. 


TABLE  VI 

The  Narrow-Leaved  Milkweed— The  Dried  Plant  Fed  on  Successive 

Days  to  Sheep 


Animal 
No. 

Weight,  Date  fed    Time  fed  |  Amount 
it)s.                                        1  red,  ozs. 

Time  symptoms 
observed 

Time  of  death 
or  recovery 

Pinal  result 

37 

85 

10-21-19  1  11:46  a.  m. 
10-22-19  '  11:15  a.m. 
10-23-19     10:30  a.  m. 
10-24-19     10!00  A.  m. 

2 
2 

Negative 

Neaative 

2 
2 
2 
2 
3 
3 

t 

Negatit* 

1 N«atitt 

10-26-19 

7:30  a.  m. 
11:00  a.m. 

8:30  a.  m. 
lOKX)  a.  m. 
10:00  a.  m. 
11:30  a.m. 

' NegatiT* 

10-26-19 
10-27-19 
10-28-19 
10-29-19 
10-31-19 

' Negative 

1 Nsgatire 

' Negative 

NMative 

if-  2—7:00  a.  m. 

ll-3-8K)0«.m.  1 

Recovenr 

Dry  material  collected  September  6.    Sheep  never  very  sick. 


60. 


-I 


93  I  10-27-19 

!  10-28-10 

10-29-19 

I  10-81-19 


11:10  a.m. 
8:30  a.  m. 
11:00  a.m. 
10:30  a.  m. 


2      Negative 

2     ' Negative 

4     ' Negative 

4      10-31-2^)0 p.m.  ,    11-2— 7:30a.m.  I Recovery 


Dry  material  collected  September  6.    Sheep  only  slightly  sick. 


Digitized  by 


Google 


19 


Table  \l— Continued 


Animal  Weight 
No.         lbs. 


90 


Date  fed 


Time  fed 


Amount    Time  symptoms     Time  of  death        pinai  reinlt 
fed.oce.         observed  or  recovery     |  •'^•«"«' 


11-  a-19 
11-  8-19 
11-12-19 


10:80  a.  m. 
11:80  a.  m. 
2:00  p.m. 


ll-8-6.-00p.m. 
11-  9-7K)0  a.  m. 
11-16  (dull) 


Material  collected  as  it  had  dried  in  the  field.    Sheep  quite  sick. 


10a 
120 


.... 

100 

7-21-19 
7-22-19 

9:00  a.m. 
10:26  a.  m. 

96 

7-21-19 
7-22-19 

9:80  a.m. 
10:26  a.m. 

7-22—12  m. 


11-  6— 8K)0  a.  m. 
11-10— 8K)0  a.  m. 
11-16—8:00  a.  m. 


7-28—10:00  a.  m. 


..Recovery 
.Recovery 
.Recovery 


Death 

.  Negative 


When  animals  are  poisoned  with  the  narrow-leaved  milkweed  they 
are  affected  for  a  considerable  time,  the  poison  appearing  to  be  elimi- 
nated slowly.  Because  of  this  slow  recovery  it  was  thought  that  small 
amounts  fed  (Jaily  might  cause  an  accumulation  of  the  poisonous  prin- 
ciple in  the  animal. 

Ewe  37  was  fed  daily  2  ounces  of  sun-dried  milkweed  for  six  days 
without  showing  any  symptoms  Of  poisoning.  The  dose  was  then 
increased  to  3  ounces  for  two  days.  On  the  following  day,  4  ounces 
were  fed  without  causing  any  symptoms,  and  two  days  later  she  was 
fed  5  ounces  and  became  only  slightly  sick.  During  the  ten-day  period 
she  had  been  fed  a  total  of  27  ounces ;  yet  it  was  only  on  the  last  day, 
when  she  was  fed  5  ounces,  that  she  showed  any  signs  of  poisoning.  In 
all  the  tests  summarized  in  Table  II  the  feedings  of  5  ounces  produced 
s\Tnptoms  of  poisoning.  These  successive  feeding  tests  of  Table  VI 
indicate  very  clearly  that  there  is  little  if  any  cumulative  action  when 
the  milkweed  is  fed  at  brief  intervals. 

Sheep  59,  which  had  been  made  very  sick  with  4  ounces  in  an  earlier 
experiment,  was  fed  2  ounces  daily  for  two  days ;  then  4  ounces  were 
fed  without  producing  any  symptoms.  Two  days  later,  when  again 
fed  4  ounces,  this  animal  was  made  slightly  sick.  This  feeding  test 
also  indicates  that  there  is  no  cumulative  action  when  small  doses  are 
fed  on  consecutive  days. 

Three  daj^s  later,  on  November  3,  Sheep  59,  the  same  animal  as 
mentioned  above,  was  fed  6  ounces  of  the  sun-dried  milkweed,  which 
made  it  quite  sick.  Five  days  later  it  was  fed  7  ounces  and  again  it 
developed  sjTnptoms  of  poisoning.  Finally,  on  November  12,  four  days 
later,  7  ounces  were  fed,  the  animal  again  becoming  slightly  sick.  Each 
of  these  feedings  made  the  animal  sick,  but  not  nearly  so  sick  as  the 
original  4  ounces.  The  last  three  feedings  were  made  with  a  different 
lot  of  milkweed  material  which  may  have  been  less  poisonous ;  although 
when  5  ounces  of  this  lot  was  fed  to  another  ewe  it  made  her  sick  for 
two  days. 

Animal  10a  died  when  given  the  second  feeding  of  2  ounces.  This 
case  can  hardly  be  considered  as  at  all  typical  because  the  animal  was 
found  to  have  a  badly  diseased  kidney  which  may  have  retarded  the 
elimination  of  the  poison  and  hastened  death. 

Sheep  120,  when  fed  the  same  amounts  and  in  a  similar  way  as 
Sheep  10a,  developed  no  poisoning  sjTnptoms  and  to  all  outward 
appearances  was  normal. 

These  tests  prove  rather  clearly  that  there  is  no  cumulative  action  of 
the  poisonous  principle  in  sheep.  The  same,  it  is  believed,  will  hold 
true  for  other  animals.     Rather,  they  seem  to  show  that  there  is  a 
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tendency  to  develop  tolerance  for  the  poison.  It  may  be  that  the  slow 
recovery  is  due  more  to  the  slowness  with  which  the  nervous  system 
recovers  from  the  action  of  the  poison  than  to  the  poison  being  retained 
in  the  system. 

TABLE  Vn 
The  Narrow-Leaved  Milkweed — ^Tlie  Oreen  Plant  Fed  to  Cattle 


Animal  Weight  p^te  fed    Time  fed 
No.         lbs. 


16 
19 
16 
19 
20 

9 
89 

7 


260 
270 
260 
270 
820 
226 
211 
196 


8-11-20 
8-14-20 
8-18-20 
8-16-20 
8-14-20 
8-9-19 
7-28-19 
8-12-19 


8:00  a.m. 
11:10  a.m. 

4:16  p.m. 

2:60  p.m. 

2:80  p.m. 
10:00  a.m. 
8:80-11:30 

4:00  p.m. 


AmouDt 
fed.  lbs. 

1 
U 

2 
2i 
8 


J} 


Time  symptoms 
observed 


Time  of  death 
or  recovery 


8-17-  7:00  a.  m. 
8-16—  8.-00  a.  m. 
8-10—  8K)0  a.  m. 
7-28—  1:00  p.m. 
8-12— lOKW  p.  m. 


8-17—11:40  a.  m. 
8-18—  8K)0  a.  m. 
8-11—  4K)0p.  m. 
7-26—  8K)0  a.  m. 
8-18-10K)0a.m. 


PlDal  result 


.N«8atiTe 
..N«8Sthre 
.NefBthr-e 
..■■Desth 
..ReeoTtry 
.BeooTery 
.Recorar 
...Death 


The  foregoing  table  made  from  ,tests  with  yearling  animals  may  be 
briefly  summarized  for  a  stockman's  use  as  follows:  (1)  amounts 
below  2  pounds  are  not  ordinarily  dangerous;  (2)  amounts  in  excess 
of  2  pounds  and  up  to  5  pounds  are  dangerous;  (3)  amounts  of  5 
pounds  or  more  may  be  reasonably  certain  of  causing  death ;  (4)  there 
is  a  wide  variation  in  the  susceptibility  of  individual  animals,  some 
being  poisoned  with  less  amounts  than  others. 

TABLE  Vm 
Tlie  Narrow-Leaved  Milkweed— The  Green  Pods  Fed  to  Cattle 


ADimal  WelRht 
No.    I     lbs. 


16. 


Date  fed 


Time  fed 


8-16-20      1:46  p.  m. 


AmouDt    Time  Bymptoms 
fed.  lbs.         observed 


2k 


Time  of  death 
or  recovery 


Final  reflilt 


.Negative 


This  one  feeding  showed  very  clearly  from  the  view-point  pf  a  stock- 
man that  there  is  no  increased  danger  fro^  an  animal  eating  pods,  for 

(1)  it  takes  a  large  number  of  the  plans  to  produce  2^  pounds  of  pods, 
a  greater  number  than  any  animal  would  graze  in  any  one  time ;  and 

(2)  if  2i  pounds  produce  no  symptoms  of  poisoning,  it  is  plain  that 
the  pods  are  not  especially  poisonous. 

The  following  table  summarizes  the  feeding  of  air-dried  narrow- 
leaved  milkweed  to  cattle.  This  material  was  cut  green  and  allowed 
to  dry  thoroughly  in  the  sun;  the  weight  when  dry  being  approxi- 
mately 66%  less  than  the  green  weight: 


TABLE  IX 
Tbe  Narrow-Leaved  Milkweed— The  Air-Dried  Plant  Fed  to  Cattle 


No. 


lbs. 


bt[] 


Animal  Wdght  Date  fed    Time  fed     ^^^^ 
^'-         '*--     '  fed,  lbs. 


Time  symptoms 
observed 


p 


Time  of  death 
or  recovery 


Final  retoU 


48. 
16. 
49. 
16- 
8. 
17. 
18. 
81. 


272 

260 


225 
346 


9-24-20  lOKW  a.  m. 
8-2f-20  ,  1:00 p.m. 
9-15-20  ;  9:00  a.m. 
6-15-20  I  8:00  a.m. 
10-16-19  4-6  p.  m. 
6-16-20  lOHM)  a.  m. 
7-21-20  6K)0p.m. 
6-14-20     11:30  a.  m. 


9-16—4:30  p.  m. 
6-15—2:30  p.  m. 
10-17—8:00  a.  m. 
6-17—8:00  a.  m. 
7-22—8:00  a.  m. 
6-14-7K)0p.m. 


9-17-  8:00  a.  m. 
6-16—  8K)0  a.  m. 
10-17— 11 KW  p.m. 
6-18—  8:00  a.m. 
7-23—  7.-00  a.  m. 
6-16—  7:00  a.  m. 


.Negative 
.Negative 
.Recovery 
.Recovery 


.Recovery 
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For  the  practical  purposes  of  the  livestock  business  the  following 
conclusions  may  be  drawn  from  this  table  for  yearling  animals  weighing 
around  250  pounds:  (1)  small 
amounts  of  one-fourth  pound  or 
less  are  practically  harmless;  (2) 
amounts  of  one-half  pound  are 
dangerous  but  not  fatal;  (3) 
amounts  of  three-fourths  of  a 
pound  will  either  kill  the  animal  or 
make  it  very  sick;  (4)  all  amounts 
in  excess  of  three-fourths  of  a 
pound  are  highly  dangerous. 

Animal  31,  through  a  mistake, 
was  fed  3  pounds  of  the  dried 
plant  mixed  with  alfalfa.  The  ani- 
mal ate  this  very  greedily.  This 
shows  that  an  animal  will  readily 
eat  much  more  than  a  fatal  dose  of 
the  dry  milkweed,  especially  if  it  is 
mixed  with  a  palatable  feed  such 
as  alfalfa  hay.  When  the  plant  is 
dried,  it  does  not  lose  its  poisonous 
character,  but  apparently  does  lose 
its  bad  flavor  and  becomes  much 
more  attractive  to  both  sheep  and 
cattle. 

SYMPTOMS    OF    MILKWEED 
POISONIKG 

The  first  symptom  noted  in  sheep 
is  extreme  dullness  or  entire  loss 
of  appetite.  In  as  sluggish  an  ani- 
mal as  a  sheep  this  abnormal  dull- 
ness is  often  diflScult  to  detect,  and 
some  of  the  tests  recorded  as  nega- 
tive may  have  had  this  symptom.  In 
several  cases  there  was  a  distinct 
trembling  over  the  entire  body 
accompanied  by  salivation.  The 
next  symptom  to  appear  was  a  wob- 
bly unsteady  gait,  first  noticeable 
in  the  hind  legs.  In  several  cases 
this  became  worse  until  the  animal 
staggered  and  was  hardly  able  to 
walk,  sometimes  falling  over. 

In  extreme  cases  this  would  be 
followed  by  a  stage  where  the  ani- 
mal was  down  and  unable  to  get 
up.  Some  of  the  animals  while 
down  were  in  a  comatose  stage  as 
if  asleep  or  in  deep  stupor. 

In  the  fatal  cases  there  was  a 
series  of  spasms  while  the  animal 


Figure  9— Calf  Poisoned  by  Narrow- 
Leaved  MiUcweed. 


was  down,  much  resembling  the 
sj-mptoms  of  water  hemlock  (poison  parsnip,  Cicuta)  poisoning.    While 
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in  this  condition  the  eyes  were  staring  and  bleared,  the  pupils  dilated. 
The  head  was  drawn  far  back ;  in  many  eases  there  was  champing  of 
the  jaws  and  grating  of  the  teeth,  with  rapid  running  or  kicking  move- 
ments of  both  the  hind  and  front  legs,  followed  by  spells  when  the 
legs  would  be  extended  and  rigid.  'Any  disturbance  of  the  animal 
then  brought  on  additional  spasms,  attended  frequently  by  bleating 
grunts  or  groans.  In  all  fatal  cases  the  spasms  occurred  at  irregular 
intervals  until  death,  spasms  becoming  weaker  and  of  shorter  duration 
with  a  longer  interval  between  them. 

In  nonfatal  cases  the  symptoms  during  recovery  were  as  follows: 
If  the  animal  had  been  down,  it  would  get  up  but  be  hardly  able  to 
walk,  often  falling  down  in  its  attempt  to  keep  on  its  feet.  As  the 
animal  began  to  get  better  it  would  walk  with  a  distinctly  unsteady 
gait  and  would  sometimes  refuse  to  eat  for  a  considerable  length  of 
time.  Some  would  eat  while  still  hardly  able  to  walk.  The  symptoms 
would  disappear  so  gradually  that  it  would  often  be  very  difficult  to 
say  definitely  when  the  animals  had  recovered,  just  as  it  was  hard 
to  tell  when  they  began  to  get  sick. 

The  sheep  that  died  were  sick  from  five  to  twenty-four  hours.  Those 
that  recovered  were  sick  from  twelve  to  seventy-two  hours,  most  cases 
from  twelve  to  forty-eight  hours.  Cattle  showed  practically  the  same 
series  of  symptoms  as  did  sheep.  Those  that  died  were  sick  twelve  to 
fifteen  hours,  and  those  that  recovered  were  sick  eighteen  to  forty-two 
hours. 

Typical  Oases 

Case  No.  1 — A  sheep  weighing  100  pounds  was  fed  4  ounces  of  air- 
dried  leaves  at  8:40  a.  m.  on  November  17,  1919.  The  following 
morning  at  8  a.  m.  she  was  sick  and  walked  with  an  unsteady  gait.  At 
2  p.  m.  she  was  much  worse  and  was  hardly  able  to  get  up.  By  6  o'clock 
she  was  down  and  unable  to  rise^  She  lay  flat  on  her  side  and  appeared 
to  be  in  a  deep  stupor  until  2  p.  m.  of  the  20th,  when  she  got  up,  but 
walked  with  a  very  unsteady  gait  and  appeared  to  have  imperfect 
control  of  the  muscles  of  one  hind  leg.  She  was  so  weak  that  she  fell 
down,  but  soon  got  up  again.  Next  morning  she  appeared  normal, 
except  that  she  limped  on  one  hind  leg. 

Case  No.  2 — An  ewe  weighing  115  pounds  was  fed  5  ounces  of  air- 
dried  material  at  11  a.  m.  on  October  21,  1919.  By  midnight  no 
symptoms  had  appeared.  At  8  o'clock  next  morning  she  was  sick  and 
scarcely  able  to  walk.  By  11  a.  m.  she  was  down  and  was  hardly  able 
to  get  up.  At  9  p.  m.  she  was  still  sick,  and  the  following  day  she 
staggered  around  when  she  walked.  Next  morning,  October  23,  she 
appeared  to  have  practically  recovered. 

Case  No.  3 — A  ewe  weighing  8p  pounds  was  fed  8  ounces  of  dry 
leaves  at  10  a.  m.  on  November  20,  1919.  At  2  p.  m.  she  was  drooling 
freely  and  not  eating.  By  4 :  30  p.  m.  she  walked  with  an  imsteady  gait, 
this  being  especially  noticeable  in  the  hind  quarters.  She  continued  to 
get  worse,  and  at  7 :  30  p.  m.  could  hardly  get  up,  and  when  upon  her 
feet  could  walk  only  a  very  few  steps  before  she  would  fall  down.  By 
9 :  30  p.  m.  she  was  unable  to  stand.  Next  morning  at  8  o'clock  she  was 
about  the  same  as  when  seen  at  9 :30  the  night  before.  She  made  sev- 
eral attempts  to  get  up,  but  each  time  would  fall  over.  Over  the  entire 
body  there  was  a  peculiar  trembling  of  the  muscles.    At  11  a.  m.  when- 
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ever  disturbed  or  moved  she  went  into  convulsions.  At  2 :  30  p.  m. 
she  had  a  severe  convulsion,  and  died  at  2 :  45  p.  m. 

Case  No,  4 — ^A  ewe  weighing  65  pounds  was  fed  li  pounds  of  green 
material  at  2:45  p.  m.  At  8:40  p.  m.  she  was  sick.  When  she 
attempted  to  walk  it  was  with  a  staggering  motion.  By  8  o'clock  next 
morning  she  was  down  on  her  side,  her  head  drawn  far  back,  eyes 
staring  and  bleared,  the  pupils  dilated.  At  times  she  would  grind  her 
teeth  and  champ  her  jaws.  Most  of  the  time  there  was  a  rapid  running 
movement  of  the  legs,  followed  by  spells  when  they  would  be  extended 
and  extremely  rigid.  This  series  of  movements  continued  until  noon. 
By  2 :30  p.  m.  the  spasms  had  become  weaker  and  of  shorter  duration, 
and  the  intervals  between  them  were  longer.  At  3 :  30  p.  m.  the 
spasms  were  very  weak,  lasting  for  an  instant  or  two  and  recurring 
about  every  ten  minutes.  The  animaFs  temperature  was  then  105.6°. 
At  4  p.  m.  the  spasms  increased  in  violence,  became  more  severe  and 
were  accompanied  by  bleating  grunts.  At  4:15  p.  m.  there  was  a 
severe  spasm  lasting  about  five  minutes,  accompanied  by  champing  of 
the  jaws,  grinding  of  the  teeth,  and  foaming  at  the  mouth.  The  head 
was  frequently  drawn  far  back.  These  severe  spasms  continued  about 
every  two  minutes  until  shortly  before  death,  which  occurred  at 
4 :  45  p.  m. 

The  autopsy  showed  the  spleen  slightly  mushy,  the  liver  soft  and 
friable ;  all  other  organs  appeared  normal.    (Brain  not  examined.) 

Case  No.  5 — A  ewe  weighing  80  pounds  was  fed  at  2  p.  m.  January  2, 
1919,  1^  pounds  of  material  that  had  dried  naturally  in  the  field.  By 
9  a.  m.  she  was  sick,  walked  with  an  unsteady  gait,  this  being  especially 
noticeable  in  the  hind  legs.  At  8  a.  m.  the  next  day  she  was  down  and 
unable  to  get  up,  lying  flat  on  her  side  with  legs  stretched  out.  Fre- 
quently she  would  chew  at  the  bedding,  and  would  champ  her  jaws 
most  of  the  time.  A  peculiar  trembling  of  the  nose  and  lips  was  notice- 
able. At  9 :  30  p.  m.  she  was  in  the  same  condition,  groaning  as  if  in 
pain,  kicking  the  hind  legs  and  frothing  at  the  mouth.  Her  tempera- 
ture at  1 :  30  p.  m.  was  103°.  She  was  in  this  condition  until  3  p.  m., 
when  she  died. 

Case  No.  6 — A  sheep  weighing  100  pounds  was  fed  2  ounces  at  9 
a.  m.  July  21.  The  next  day  at  10  a.  m.  2  ounces  more  were  fed.  By 
noon  the  animal  was  sick,  walking  with  an  unsteady  gait.  It  con- 
tinued to  get  worse  during  the  afternoon.  Next  morning  it  was  unable 
to  get  up  and  had  convulsions  when  disturbed.  It.  soon  fell  over  on  its 
side  and'  had  running  movements  with  its  legs.  It  remained  in  this 
condition  until  death,  which  took  place  about  10  a.  m. 

The  autopsy  at  11  a.  m.  showed  the  following  conditions:  There 
was  an  acute  cloudy  swelling  of  the  right  kidney.  The  left  was  affected 
by  a  chronic  disease  not  caused  by  poisoning.  The  liver  was  fri- 
able and  highly  reddened ;  blood  flowed  from  cut  surface.  Some  of  the 
lymph  glands  were  hemorrhagic.  The  brain  showed  marked  congestion 
of  the  meninges,  especially  over  the  cerebellum  and  the  anterior  por- 
tions of  the  cerebrum.  Many  minute  pin-point  hemorrhages  were 
found  in  the  gray  matter  of  the  brain.  These  were  located  in  the  corpus 
striatum,  corpus  callosum,  medulla,  and  medullary  portions  of  the 
cerebrum. 

Case  No.  7 — A  sheep  was  fed  7  ounces  of  dry  material  at  2 :  30  p.  m., 


Digitized  by 


Google 


24 


August  25,  1920.  It  was  found  dead  next  morning  at  8  o'clock.  The 
autopsy  showed  the  following :  carcass  l)loated,  pupils  dilated.  There 
was  considerable  congestion  of  the  mucous  membrane  of  the  fourth 
stomach  (abomasum)  and  small  pin-point  hemorrhages  in  the  duode- 
num. The  mucous  membrane  of  the  bladder  was  congested.  There 
was  a  cloudy  swelling  of  the  kidneys.  In  the  brain  there  was  marked 
congestion  of  the  pia  mater,  and  marked  injection  of  the  capillaries  of 
the  medulla.  Hemorrhages  were  found  in  the  gray  matter  of  the 
brain. 

Case  No.  8 — A  yearling  calf  weighing  211  pounds  was  fed  4^  pounds 
of  fresh  material  on  July  23,  1919,  between  8 :  30  and  11 :  30  a.  m.  At 
1  p.  m.  it  was  frothing  at  the  mouth,  and  its  breathing  was  rapid  and 
irregular.  These  symptoms  (perhaps  not  due  to  the  milkweed)  soon 
disappeared  and  the  animal  seemed  normal  the  rest  of  the  day.  The 
next  morning  it  walked  with  a  peculiar,  stiff  staggering  gait.  It  ate 
a  little  when  fed.  At  6  p.  m.  it  was  very  weak  and  wobbly,  much  more 
so  than  in  the  morning.  At  8  a.  m.  the  next  day  it  was  much  better, 
but  still  walked  with  a  stiff  unsteady  gait. 

Case  No.  9  —  A  yearling  calf 
weighing  225  pounds  was  fed  31 
pounds  of  green  material  at  10 
a.  m.  on  August  9, 1919.  At  8  a.  hl 
the  next  day  it  was  sick  and  hardly 
able  to  get  up.  When  on  its  feet 
it  was  very  weak  and  staggered 
about.  At  noon  it  appeared  to  be 
in  about  the  same  condition  as  in 
the  morning.  By  evening  it  was 
much  better.  Next  morning  at  8 
a.  m.  it  appeared  to  have  quite 
completely  recovered,  but  at  times 
later  in  the  day  it  staggered  some- 
what in  walking. 

Case  No.  10 — A  yearling  calf 
(195  pounds)  was  fed  5  pounds 
of  green  material  at  4  p.  m.  on  August  12,  1919.  At  10  p.  m.  it  was 
slightly  sick.  Next  morning  at  8  o'clock  it  was  very  sick  and  hardly 
able  to  walk,  staggering  and  falling  down  frequently.  Finally  it  col- 
lapsed and  lay  on  its  side,  kicking  rapidly  with  its  legs.  Death  occurred 
at  10  a.  m. 

In  the  autopsy  slight  congestion  was  found  in  the  fourth  stomach 
and  in  the  meninges  of  the  brain. 

Case  No.  11 — A  yearling  calf  weighing  255  pounds  was  fed  on  Octo- 
ber 16,  1919,  between  4  and  6  p.  m.,  three-fourths  of  a  pound  of  dry 
material,  which  was  collected  September  6  and  air-dried.  At  8  a.  m. 
next  day  it  was  sick  and  hardly  able  to  walk.  There  was  marked  inco- 
ordination of  the  muscles  of  the  hind  legs.  At  2  p.  m.  it  was  down  on 
its  side,  with  legs  stretched  out,  head  drawn  far  back,  eyes  rolled  up ; 
the  animal  appeared  to  be  dying.  This  was  followed  by  periods  when 
it  seemed  to  be  getting  better,  but  soon  it  would  have  another  similar 
attack.  During  the  afternoon  it  had  a  series  of  such  attacks.  At  8 
p.  m.  it  was  still  down  and  unable  to  get  up.    At  midnight  it  was  found 


Figure  10 — An  Early  Stage  of 
Poisoning  by  Narrow-Leaved 
MUkweed. 
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dead.  The  autopsy  at  9  a.  m.  October  18  showed  slight  hemorrhages 
in  the  trachea,  lungs  hemorrhagic,  kidneys  congested ;  the  heart  had 
severe  hemorrhages,  both  internally  and  externally. 

Case  No,  12 — A  yearling  calf  weighing  220  pounds  was  fed  three- 
fourths  of  a  pound  of  dry  leaves  at  5  p.  m.  July  21, 1920,  which  was  all 
eaten  next  morning.  At  8  a.  m.  the  animal  was  sick  and  walked  with 
an  misteady  gait.  The  incoordination  was  most  marked  in  the  hind 
legs,  especially  the  left  hind  leg.  The  back  was  curved  to  the  right.  It 
kept  getting  worse  during  the  afternoon,  and  was  found  dead  next 
day  at  7  a.  m.  The  autopsy  at  9  a.  m.  showed  the  lymph  glands  hemor- 
rtiagic.  There  was  acute  inflammation  of  the  liver  and  of  the  bladder. 
Small  hemorrhages  were  found  on  the  heart.  The  meninges  of  the 
brain  were  congested  in  region  of  the  cerebrum.  ^  There  were  minute 
pin-point  hemorrhages  in  the  gray  matter  of  the  brain;  these  were 
more  marked  in  the  left  side  than  in  the  right.  These  hemorrhages 
were  located  in  the  corpus  striatum  and  in  the  medullary  portion  of 
the  cerebrum  and  cerebellum. 

The  Time  of  the  Tetr  When  Milkweed  Is  Poisonone. 

All  the  feeding  tests  and  field  observations  clearly  indicate  that  this 
milkweed  is  poisonous  tit  all  times  of  the  year.  Animals  have  been 
poisoned  and  killed  by  plants  collected  in  the  spring  of  the  year  when 
th^r  were  just  a  few  inches  high,  and  by  plants  collected  at  later  stages 
of  growth  up  to  the  time  when  they  had  become  fully  matured  and 
dried  up  in  the  fall  of  the  year.  Losses,  therefore,  may  occur  at  any 
time  when  hungry  animals  feed  upon  this  milkweed. 

Prtrention  of  Lowes. 

There  is  no  known  remedy  for  an  animal  badly  poisoned  with  this 
plant.  (Consequently,  to  avoid  losses  it  is  necessary  to  understand  the 
conditions  under  which  an  animal  is  most  likely  to  eat  a  fatal  dose. 
The  fresh  green  milkweed  as  it  grows  in  the  field  is  not  relished  by  any 
class  of  live  stock  and  is  eaten  only  under  stress  of  hunger.  This  is  not 
the  case  when  it  is  cut  and  dried  and  put  up  in  hay,  for  it  then  loses  a 
large  part  of  its  disagreeable  taste  and  is  quite  readily  eaten.  Thus  hay 
containing  this  milkweed  is  always  dangerous.  On  the  other  hand, 
ranges  or  pastures  where  this  plant  grows  are  not  always  dangerous, 
providing  there  is  enough  grass  or  other  forage  to  satisfy  the  animals. 
Thus  the  losses  occur  (1)  when  hungry  animals  are  being  herded  along 
driveways  or  trails  where  there  is  little  or  no  feed  for  stock;  (2)  when 
stock  are  pastured  on  overgrazed  or  very  closely  grazed  ranges  sup- 
porting this  plant;  (3)  when  stock  are  held  in  pastures  growing  this 
milkweed  until  all  the  valuable  forage  has  been  eaten;  and  (4)  when 
stock  are  bedded  on  areas  where  this  milkweed  is  abundant. 

Most  plants  of  a  poisonous  nature  contain  substances  which  are 
distinctly  distasteful  to  live  stock.  In  general  it  may  be  said  that  an 
animal  will  first,  graze  plants  to  which  it  has  been  used  and  whose 
flavor  has  been  found  agreeable.  However,  in  the  absence  of  good 
prazing  it  will  eat  what  it  is  forced  to  eat  in  an  effort  to  satisfy  its 
hunger.  It  has  been  found  that  on  certain  ranges  many  plants  are 
eaten  which  on  other  ranges  are  but  seldom  touched  by  the  same  class 
of  live  stock.  Further,  it  has  been  observed  that  an  animal  in  good 
will  not,  when  hungry,  eat  offensive  plants  as  readily  as  poor 
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hungry  animals  will.  Further,  poor  half -starved  animals  are  more 
easily  and  readily  poisoned  than  when  well  fed.  Thus  the  condition 
of  the  animal  determines  in  a  large  measure  the  extent  to  which  it  will 
graze  poisonous  plants  and  the  probability  of  serious  or  fatal  poisoning. 

THE  SHOWT-LEAVED  MILKWEED  AND  OTHERS  AS 
POISONOUS  PLANTS 
After  two  years  of  observation  in  the  field  and  in  the  feeding  corrals 
we  have  good  reason  to  believe  that  the  narrow-leaved  milkweed  is  of 
far  greater  importance  as  a  poisonous  plant  than  any  other  species  of 
milkweed  growing  in  Nevada.  For  that  reason  only  a  few  experiments 
with  the  other  milkweeds  have  been  made  at  this  Station.  The  follow- 
ing discussion  of  the  other  species  found  in  Nevada  will  give  a  general 
idea  of  their  appearance  and  poisonous  properties : 

Tbe  Showy  Milkweed  (Asdepias  speciosa). 

This  species  of  milkweed  can  be  found  in  many  parts  of  Nevada,  but 
it  does  not  seem  to  be  very  abundant  anywhere.  It  requires  about  the 
same  conditions  for  growth  as  does  the  narrow-leaved  milkweed,  and 
they  are  often  found  growing  together. 

Live  stock  do  not  like  it,  and  it  is  eaten  only  .under  stress  of  hunger. 
Often  fields  grazed  by  cattle  may  be  closely  cropped,  with  this  milk- 
weed standing  untouched. 

As  a  poisonous  plant  it  seems  to  be  much  less  important  than  the 
narrow-leaved  milkweed.  Figure  4  shows  the  general  appearance  of 
this  plant  growing  in  the  field. 

Feeding  experiments  were  made  with  (1)  the  green  leaves,  (2)  the 
leaves  as  they  had  dried  up  naturally  in  the  field,  (3)  the  seeds,  and 
(4)  the  pods. 

TASLE  X 
The  Showy-Leaved  Milkweed — Green  Leaves,  Poda,  Seeds,  and  Dried  Leaves 
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The  above  feedings  seem  to  show  that  (1)  the  green  leaves  are  poison- 
ous, (2)  relatively  large  amounts  are  required  to  cause  poisonous  sjinp- 
toms  in  a  mature  range  ewe,  (3)  the  pods  alone  are  poisonous,  (4)  the 
seeds  are  highly  poisonous,  and  (5)  the  plant  dried  naturally  in  the 
field  contains  little  of  its  original  poisonous  matter. 

Lambs  have  been  fatally  poisoned  by  grazing  upon  the  tender  growth 
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of  this  plant  in  the  early  spring  months  when  all  feed  was  scarce,  but 
the  recorded  losses  have  not  been  large. 

Ssnuptoms  of  Poisoning  by  the  Showy  Milkweed. 

The  symptoms  of  poisoning  were  quite  different  from  those  produced 
by  the  narrow-leaved  milkweed.  The  first  sjTnptom  noted  was  extreme 
dullness,  with  a  total  loss  of  appetite  and  a  tendency  to  lie  down.  In 
the  severe  cases  the  breathing  was  distinctly  irregular,  the  breath  being 
expelled  with  a  grunt.  Spasms  were  entirely  absent  and  in  the 
whole  series  s>Tnptoms  seemed  much  unlike  those  produced  by  the 
narrow-leaved  milkweed. 

Typical  Cases 

Case  No.  1 — On  September  6,  1918,  at  2  p.  m.  a  yearling  range  lamb 
weighing  85  pounds  was  fed  2\  pounds  of  the  fresh  green  leaves.  At 
8  a.  m.  the  next  day  it  showed  symptoms  of  poisoning.  During  the  day 
of  September  9  it  was  still  sick.  September  10  it  appeared  to  have 
recovered. 

Case  No,  2 — September  6,  1918,  at  11 :  30  a.  m.  a  ewe  weighing  94 
pounds  was  fed  2\  pounds  of  green  pods.  She  was  sick  by  6  p.  m.  the 
same  day.  At  9 :  30  she  was  down ;  the  breathing  was  labored  and 
grunting.  No  other  symptoms  were  exhibited.  The  next  morning  at 
8  a.  m.  die  was  found  dead. 

Case  No.  3 — September  12, 1918,  at  4  p.  m.  a  yearling  lamb  weighing 
81  pounds  was  fed  one-half  pound  of  seeds.  At  7  p.  m.  of  the  same 
day  it  was  extremely  dull,  respiration  irregular.  At  8 :  30  p.  m.  it  was 
much  worse;  the  breathing  was  more  labored  and  each  breath  was 
made  with  a  peculiar  grunt.    At  10  p.  m.  the  animal  was  dead. 

HeartrLeaved  Milkweed  (Asdepias  cordifolia). 

This  plant  is  not  abundantly  distributed  in  the  fields  or  ranges  of 
Nevada.  It  occurs  only  in  the  mountain  valleys,  and  does  not  appear 
to  be  poisonous. 

Five  feedings  of  this  milkweed  were  made  to  sheep,  the  amounts  fed 
ranging  from  one-half  pound  to  2|  pounds.  None  of  the  feedings  so 
far  as  could  be  observed  had  any  poisonous  effect  upon  the  animal. 

This  milkweed  can  be  distinguished  from  the  showy  milkweed  by 
its  surface  being  smooth  or  free  from  hairs,  while  the  showy  milkweed 
is  covered  with  fine  hairs.  The  base  of  the  leaf  is  heart-shaped,  which 
is  not  the  case  with  the  showy  milkweed.  There  is  little  danger  of  con- 
fusing it  with  the  narrow-leaved  milkweed. 

Pnwtrate  Idilkweed  (Asdepias  cryptoceras) . 

This  species  of  milkweed  is  not  important  as  a  poisonous  plant.  It 
arrows  sparingly  and  is  not  widely  distributed.  It  is  a  plant  with 
somewhat  tough  leathery  leaves,  and  its  growth  habit  tends  to  be  close 
to  the  ground.  It  may  be  disregarded  as  a  poisonous  plant  of  any 
importance  in  Nevada.  One  feeding  of  3  pounds  at  one  time  was  made 
to  a  mature  sheep  which  did  not  seem  to  be  at  all  injured  by  this  large 
amount. 
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SECTION    II 
Technical  Information  Concerning  the  Narrow-Leaved  Milkweed 

This  section  is  not  intended  for  use  by  farmers  and  stockmen : 
The  facts  included  are  for  the  information  of  chemists  and  veteri- 
narians. 
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SYMPTOliS 

The  appearance  of  symptoms  of  poisoning  in  sheep  by  Asclepias 
Mexicana  occurred  about  five  to  seven  hours  after  artificial  or  natural 
feeding  of  the  leaves  or  whole  plant. 

Five  ounces  of  the  dried  plant  appeared  to  be  the  minimum  quantity 
producing  symptoms  of  poisoning  in  sheep.  Three  pounds  of  the  dried 
leaves  appeared  to  be  the  minimum  quantity  producing  toxic  symptoms 
in  a  250-pound  calf,  with  subsequent  recovery. 

The  first  noticeable  symptoms  in  either  cattle  or  sheep  are  general 
depression,  refusal  to  eat,  and  unsteady  wobbly  gait.  The  unsteady 
gait  is  due  to  partial  paralysis  of  the  hind  limbs.  Occasionally  the 
paralysis  is  confined  to  only  one  limb.  This  causes  an  incoordination 
in  movement,  and  the  animal  sways  from  side  to  side.  Marked  muscu- 
lar trembling  is  sometimes  observed,  and  in  a  few  hours  the  animal  lies 
down,  refusing  to  arise.  During  the  period  of  recumbency  tetanic 
spasms  (rigid  extension)  of  the  limbs  occur  at  intervals  of  two  or  three 
minutes. 

There  is  no  perceptible  elevation  of  temperature.  The  pulse  rate 
increases  with  the  duration  of  the  attack  and  shortly  before  death 
may  attain  the  rate  of  180  per  minute,  becoming  very  thready.  Breath- 
ing is  labored  and  rapid.  The  head  is  extended  backward  and  quite 
rigid.  The  attack  may  persist  for  twenty-four  hours,  and  immediately 
before  death  the  animal  lies  in  a  semicomatose  state.  In  case  aflfected 
animals  recover,  the  gait  is  unsteady  for  two  or  three  days.  In  some 
cases  incoordinate  movements  of  the  hind  limbs  persist  as  long  as  one 
week  after  the  other  symptoms  have  disappeared. 

POST-MORTEM  LESIONS 

These  are  not  especially  characteristic. 

Summarizing  the  observations  of  post-mortem  lesions  in  sheep  and 
cattle,  the  following  pathological  changes  were  fairly  constant  in  deaths 
due  to  ingestion  of  Asclepias  Mexicana : 

The  liver  exhibited  passive  congestion  and  low-grade  cloudy  swelling. 
Kidneys  light  in  color  with  low-grade  cloudy  swelling.  The  mucosa  of 
the  abomasum  may  exhibit  congestion  of  a  moderate  degree  which  may 
be  continuous  throughout  the  small  intestine.  Occasionally  marked 
arborization  of  the  blood-vessels  of  small  intestines  is  observed. 

Occasional  subepicardial  petechial  hemorrhages  are  observed  alonj? 
the  coronary  vessels  and  auriculo-ventricular  border.  The  heart  muscle 
is  pale  and  friable. 

The  pia  mater  in  cerebral  and  cerebellar  regions  exhibited  a  marked 
congestion  on  cut  surfaces;  minute  capillary  hemorrhages  were 
observed  in  the  medullary  portion  of  the  cerebrum  and  cerebellum,  also 
in  the  cropus  striatum.  The  lateral  ventricles  contained  a  moderate 
amount  of  sero-sanguinous  fluid. 

Histopathological  examination  of  selected  tissues  confirmed  the 
observations  made  at  the  autopsy.  In  the  brain  the  hemorrhages  were 
largely  from  the  minute  capillary  vessels.  Occasional  interstitial  capil- 
lary hemorrhages  were  observed  in  the  reticular  tissue  between  the 
convolutions  of  the  cerebrum. 
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The  liver  exhibited  acute  parench\Tnatou8  hepatitis  with  passive  con- 
gestion. The  kidneys  exhibited  low-grade  parenchymatous  nephritis. 
Myocardium,  acute  myositis. 

THE  ACTIVE  PRINCIPLE  OF  A8CLEPIA8  BCEZICANA 

Several  species  of  Asclepias  which  are  physiologically  active  have 
been  examined  chemically,  and,  from  the  work  done  by  various  experi- 
menters on  those  investigated,  the  compounds  to  which  the  physiologi- 
cal activity  of  the  plant  may  be  ascribed  apparently  varies  considerably. 
Glucosides  have  been  found  in  several  species,  which  act  on  the  animal 
organism  as  an  emetic.  In  another  species  (syrUica)  a  crystalline 
resinous  substance  was  found  which  acted  as  an  anodyne  and  cathartic. 
Quackenbush  reports  finding  a  crystalline  glucoside  in  Asclepias  tuber- 
osa  and  Asclepias  cornuii.  March,  Clawson,  Couch,  and  Eggleston 
(U.  S.  D.  A.,  Bui.  800)  have  recently  reported  preliminary  experiments 
on  Asclepias  galioides,  a  species  closely  related  to  A.  Mexicana,  in  which 
they  found  evidence  of  the  presence  of  toxic  compounds  having  nar- 
eotie  properties  and  also  those  producing  a  spasmodic  type  of  intoxica- 
tion. The  active  principles  were  not  isolated,  but  experiments  on  small 
animals  indicated  the  presence  of  toxic  material  in  successive  extracts 
of  the  dry  plant,  and  gave  some  idea  of  the  solubility  relations  of  these 
materials.  They  found  that  petroleum  ether  removed  no  active  mate- 
rial, but  that  benzol  extracted  substances  which  were  toxic  and  pro- 
duced effects  in  test  animals  similar  to  those  observed  in  poisoning  of 
sheep  by  the  plant.  Ether  and  chloroform  extracts  from  the  material 
already  treated  with  benzol  and  petroleum  ether  also  were  toxic,  indi- 
cating the  possible  presence  of  more  than  one  active  principle.  Other 
solvents  failed  to  remove  toxic  matter  from  the  residue.  Evidence  of 
the  presence  of  a  minute  quantity  of  alkaloids  was  obtained ;  volatile 
poisons  and  saponins  were  not  found.  Alcohol  alone  was  found  to 
extract  all  of  the  toxic  material,  a  part  of  which  was  soluble  in  water 
producing  narcosis,  and  the  part  insoluble  in  water  producing  poisoning 
with  symptoms  typical  of  range  poisoning. 

A  portion  of  the  material  used  in  our  feeding  experiments  was 
examined,  and  results  were  obtained  which  were  in  some  ways  similar 
to  those  reported  on  Asclepias  galioides. 

A  small  quantity  of  the  plant  was  extracted  successively  with  sol- 
vents and  the  amounts  extracted  by  each  were  as  follows : 

Benzol  10.557^ 

Ether  0.64% 

Chloroform  0.70^{ 

Ethyl  acetate 2.687f 

Alcohol 0.46% 

Each  of  the  residues  from  these  extractions  were  administered  to 
piinea  pigs  by  mouth  in  amounts  corresponding  in  each  case  to  five 
?rams  of  the  dr>'  plant,  and  all  appeared  to  be  nontoxic,  except  the 
benzol  extract.  Thus  benzol  is  capable  of  removing  all  of  the  toxic 
substances.  No  reactions  were  noted  in  the  cases  of  the  materials 
extracted  by  the  other  solvents,  the  animals  appearing  normal. 

Another  small  portion  of  the  dry  powder  was  studied  by  extracting 
with  dilute  acid  and  testing  with  the  general  alkaloidal  reagents.  With 
<^ch  reagent  used,  indication  was  obtained  of  the  presence  of  alka- 
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loids.  No  alkaloidal  preparations  were  made  for  animal  experiments. 
A  larger  portion  of  the  plant  which  had  been  dried  was  extracted 
with  alcohol  by  percolation.  The  alcohol  was  then  removed,  and  the 
remaining  sirup  was  evaporated  to  dryness  and  extracted  repeatedly 
with  boiling  water.  The  aqueous  extract  so  obtained  was  clear  and  of 
a  dark-brown  color.  It  had  a  very  sweet  taste  with  a  slightly  bitter 
after-taste.  The  residue  from  this  extraction  was  a  black  resinous 
mass. 

The  aqueous  extract  and  black  residue  were  administered  to  a  guinea 
pig  by  mouth.  The  amounts  given  corresponded  to  5  grams  of  the 
dried  plant  in  each  case.  The  aqueous  extract  proved  to  be  nontoxic, 
the  animal  remaining  normal,  but  the  black  residue  was  fatal  in  three 
hours.  The  symptoms  exhibited  by  this  animal  were  the  same  as  those 
shown  by  the  one  to  which  was  given  the  benzol  extract.  Apparently, 
then,  the  active  material  of  Asclepias  Mexicana  differs  from  that  found 
in  Asclepias  galioides  by  Marsh,  Clawson,  Couch,  and  Eggleston  in 
that  the  substance  producing  narcosis  found  by  them  in  Asclepias 
galioides  is  lacking  in  this  plant.  It  is  possible,  however,  that  with 
doses  representing  larger  quantities  of  the  plant  the  narcotic  effect 
might  be  present  and  more  noticeable. 
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STUDIES  OF  POISONOUS  RANGE  PLANTS  IN  THE 
UNIVERSITY   OF   NEVADA 


In  tuidertaking  the  study  of  poisonous  range  plants,  the  Nevada 
Agricultural  Experiment  Station  has  planned  a  series  of  experiments 
to  obtain  information  upon  the  following  points:  (1)  the  part  of  the 
plant  which  is  poisonous,  (2)  the  time  of  the  year  when  it  is  dangerous, 
(3)  the  kinds  of  live  stock  poisoned,  (4)  the  amount  which  must  be 
eaten  in  order  to  cause  illness  or  death,  (5)  the  symptoms  shown  by 
the  poisoned  animals,  (6)  the  conditions  under  which  poisoning  occurs, 
(7)  methods  of  cure  and  treatment,  (8)  and  methods  of  preventing 
poisoning. 

In  addition,  studies  are  made  of  the  post-mortem  conditions  shown 
by  the  poisoned  animal,  and  of  the  chemical  nature  of  the  poisonous 
element  found  in  the  plant. 

The  basis  of  all  these  experiments  consists  of  long  series  of  feeding 
tests  in  which  plants  are  brought  fresh  from  the  ranges  to  the  Univer- 
sity and  are  fed  to  range  animals  in  pens  where  they  are  kept  under 
close  observation. 

This  bulletin  is  a  report  of  the  results  obtained  by  feeding  the  plant 
known  as  death  camas  to  range  sheep  and  cattle. 

S.  B.  DOTEN, 
Director,  Nevada  Agricultural  Experiment  Station. 

Univebstty  op  Nevada, 

Reno,  Nevada,  January,  1921. 


Digitized  by 


Google 


Digitized  by 


Google 


SECTION   I 

DEATH  CAMAS 

Zygadenus  paniculatus  and  Zygadenus  venenostis 

Plants  Poisonous  to  Sheep  and  Cattle 


SUMMARY 

Death  camas  is  a  common  poisonous  plant  of  the  sheep  and  cattle 
ranges  in  Nevada. 

It  is  a  low-growing  bright-green  plant  related  to  the  lilies  and  the 
onions.  It  comes  up  in  the  very  early  spring  from  a  bulb  buried  eight 
inches  or  more  in  the  ground.  The  bulb  is  much  like  an  onion,  but  it 
has  no  onion  odor,  and  is  covered  with  a  thin  black  coating.  The  leaves 
are  long,  slender,  and  grass-like.  When  the  plants  come  up  they  look 
a  little  like  Indian  corn ;  but  the  leaf  is  narrower  and  more  fleshy,  and 
it  has  a  distinct  ridge  or  keel  on  the  under  side.  At  first  there  appears 
to  be  no  stem ;  but  later  a  flower  stalk  is  sent  up  bearing  a  long  cluster 
of  pale  yellow  flowers. 

The  first  green  shoots  come  up  early  in  the  spring  before  there  is 
grass  on  the  range ;  and  it  is  at  this  season  that  sheep  and  some  cattle 
are  poisoned. 

It  takes  from  one-fourth  to  one-half  pound  of  the  leaves  to  make  a 
range  sheep  sick  when  the  animal  is  confined  in  a  pen ;  it  takes  a  much 
larger  dose,  three  pounds  or  more,  to  kill  a  sheep  under  the  same  condi- 
tions. On  the  range  where  sheep  are  driven  hard  and  have  no  chance 
to  rest  and  recover,  smaller  doses  are  probably  often  fatal. 

On  the  whole,  however,  under  ordinary  range  conditions  it  must  be 
somewhat  difficult  for  even  one  sheep  in  a  band  to  obtain  a  fatal  dose  of 
the  death  camas  leaves;  and  it  is  probable  that  many  losses  thought 
to  have  been  caused  by  death  camas  were  in  reality  caused  by  some 
other  plant. 

Sheep  fatally  poisoned  by  death  camas  froth  at  the  mouth  and 
slobber  freely,  and  occasionally  vomit.  They  grow  weak  in  the  hind- 
legs  and  stagger  when  made  to  walk.  Within  a  few  hours  they  become 
very  dull  and  weak,  standing  with  head  and  ears  drooping  and  the 
back  arched.  Later,  they  go  down  and  thereafter  rise  with  difficulty  if 
at  all ;  becoming  gradually  weaker  and  usually  dying  within  twenty- 
four  hours  from  the  time  of  feeding. 

Cattle  show  much  the  same  set  of  symptoms;  but  are  apt  not  to 
froth  at  the  moutii  and  drool  as  much  as  sheep.  When  in  good  condi- 
tion they  vomit  so  freely  that  they  recover  within  two  or  three  days. 

In  our  experiments  we  did  not  succeed  in  killing  any  young  cattle 
with  death  camas.  Doses  of  three-eighths  of  a  pound  to  two  pounds 
made  the  animal  sick,  but  caused  prompt  and  profuse  vomiting  which 
brought  about  a  fairlv  rapid  recovery.  On  the  range,  death  probably 
occurs  only  when  hali-starved  cattle  eat  a  considerable  quantity  under 
conditions  where  the  system  is  too  weak  to  throw  off  the  poison  or 
where  weak  animals,  driven  hard,  are  poisoned  and  get  no  chance  to 
rest  and  recover. 

There  is  no  known  remedy  for  death  camas  poisoning ;  and  even  if 
an  antidote  were  discovered,  it  is  not  likely  that  it  could  be  used  suc- 
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Figure  1.    Foot-Hill  Death  Oamas,  the  Entire  PUnt,  in  Bloom. 
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cessfully  under  range  conditions.  Since  poisoning  occurs  only  when 
weak  and  hungry  animals  are  turned  on  to  death  camas  ranges  where 
there  is  no  grass  or  other  green  feed,  and  since  ordinarily  Iwth  sheep 
and  cattle  will  avoid  death  camas  and  eat  almost  anything  else  in  pref- 
erence, it  is  evident  that  the  way  to  avoid  poisoning  is  to  keep  half- 
starved  animals  off  death  camas  ranges  and  feed  some  hay  until  there  is 
grass;  and  then  let  the  animals  scatter  out  and  browse  at  will,  choosing 
their  own  forage. 

The  plants  known  as  death  camas  have  long  been  recognized  as 
poisonous,  being  commonly  considered  as  among  the  most  dangerous 
plants  of  our  western  sheep  and  cattle  ranges.  Although  discui»ed  in 
nearly  all  publications  dealing  with  poisonous  plants,  there  is  little  if 
any  definite  information  concerning  the  quantity  required  to  make  an 
animal  sick  or  to  cause  death;  and  not  much  appears  to  be  known 
about  the  classes  of  live  stock  poisoned,  the  conditions  under  which 
poisoning  is  most  likely  to  occur,  and  methods  of  preventing  losses. 
The  experimental  feedings  and  range  observations  presented  in  this 
bulletin  were  made  for  the  purpose  of  obtaining  exact  information 
upon  these  points. 

GUases  of  Live  Stock  Poisoned. 

All  of  the  range  observations  seem  to  show  that  more  sheep  than 
cattle  or  horses  are  poisoned  by  death  camas.  No  losses  of  horses  have 
been  recorded  by  the  Nevada  Experiment  Station ;  and  it  seems  that 
cattle  have  been  poisoned  only  when  hungry  and  in  poor  condition  in 
the  spring  of  the  year.  Many  of  the  losses  on  the  open  range  which 
have  been  attributed  to  death  camas  may  in  reality  have  been  caused 
by  other  plants  not  known  at  the  time  to  be  poisonous.  In  fact,  a  large 
number  of  range  observations  made  by  the  Station  show  that  the 
probability  of  poisoning  by  this  plant  is  by  no  means  so  great  as  is 
commonly  supposed.  This  side  of  the  matter  will  be  discussed  at  length 
farther  on  in  this  bulletin. 

OQnmion  Karnes. 

Death  camas  is  the  name  by  which  these  plants  are  commonly  known 
on  the  range;  but  they  are  also  called  Mystery  Grass,  Poison  Sego, 
Poison  Onion,  Lobelia,  and  Poison  Camas. 

In  Nevada  the  most  conunon  kinds  are  the  foot-hill  death  camas 
(Zygadenus  panicvlatus)  ^  and  the  meadow  death  camas  {Zygadenus 
venenoius).  The  former  grows  in  the  foot-hills  among  sagebrush 
and  other  range  browse ;  the  latter  is  more  plentiful  in  moist,  grassy 
places.  The  foot-hill  form  is  more  conunon  in  Nevada,  being  found  on 
most  of  the  ranges  in  the  northern  part  of  the  State. 

A  Descripiion  of  Death  Oamas. 

The  group  of  closely-related  plants  known  as  death  camas  were 
formerly  included  in  the  lily  family ;  but  this  family  has  recently  been 
broken  up  by  botanists  who  have  placed  the  death  camas  in  the 
"bunch-flower  family "(Meten^fcocea). 

The  plant  is  erect,  producing  from  two  to  eight  fully  formed  grass- 
like  leaves.  It  springs  from  a  layered  bulb  set  from  two  to  eight 
inches  deep  in  the  soil.  The  bulbs  vary  in  size  according  to  the  age  of 
the  plant ;  but  they  are  commonly  from  one-half  to  one  and  one-fourth 
inches  across  and  are  covered  by  thin,  black,  papery  coats  or  layers. 
The  leaves  are  long,  narrow,  and  curved ;  varying  in  length  from  six 
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to  eighteen  inches;    they  are  usually  less  than  one-half  inch  wide; 

they  look  a  good  deal  like  coarse  grass  blades  with  a  projecting  ridge 

like  the  keel  of  a  boat  on  the  under  side. 
They  are  much  thicker  and  more  juicy  than 
ordinary  grass  blades. 

There  is  at  first  no  well-defined  stem,  the 
leaves  appearing  to  rise  from  near  the 
surface  of  the  ground.  The  flowers  are 
greenish  -  yellow  or  whitish,  about  one- 
fourth  inch  across ;  and  are  produced  in  a 
flower  cluster  from  two  to  ten  inches  long. 
The  lower  flowers  bloom  first,  and  may  pro- 
duce seed  pods  before  the  upper  flowers 
bloom.  The  seeds  ripen  in  the  summer; 
but  lie  dormant  until  the  next  spring,  when 
they  sprout  and  grow  into  tiny  leafy 
plants.  These  soon  develop  small  bulbs 
which  may  not  be  any  larger  than  a  pea 
by  the  end  of  their  first  summer's  growth. 
It  takes  a  new  plant  severed  seasons  to  form 
a  bulb  sufficiently  large  to  begin  to  produce 
flowers  and  seeds. 

The  foot-hill  death  camas  differs  from 
the  meadow  form  by  having  a  larger  and 
longer  bulb,  lying  deeper  in  the  soil,  usually 
at  a  depth  of  from  five  to  eight  inches; 
while  the  bulb  of  the  meadow  form  is 
smaller  and  much  shorter  and  is  rarely 
found  more  than  two  inches  deep  in  the 
ground.  The  foot-hill  death  camas  is  also 
a  much  larger  plant ;  its  flower  cluster  is 
branched  at  the  base,  while  the  much 
shorter  cluster  of  the  meadow  form  is 
unbranched. 

Plants  Commonly  Mistaken  for  Death  Camas. 

Death  camas  is  most  commonly  confused 
with  the  wild  onion,  although  it  has  no 
onion  odor.  When  in  bloom  the  two  are 
easily  distinguished,  for  all  of  the  flowers 
of  the  onion  cluster  grow  out  from  the  tap 
of  the  flower  stem,  while  the  flowers  of  the 
death  camas  grow  along  the  sides  of  the 
stem  as  in  Figure  4. 

Where  the  Death  Camas  Grows. 

Death  camas  plants  may  be  found  on 
practically  every  stock  range  in  Nevada, 
growing  more  abundantly  in  the  northern 
half  of  the  State  than  in  the  southern. 
The  ground  on  which  the  death  camas 
grows  is  always  quite  moist  in  the  spring 


Figure  2.  Foot-hm  Death 
Camas,  the  Toung  Plant 
in  Early  Spring. 

of  the  year;   and  the  typical  grazing  types  in  which  they  are  found 


Digitized  by 


Google 


are:  (1)  sagebrush,  (2)  grass,  (3)  semimeadow  areas,  and  (4)  typical 
weed  ranges  where  the  vegetation  consists  largely  of  showy  flowering 
plants.  They  do  not  grow  in  the  shade  under  standing  timber.  They 
are  found  on  practically  all  of  the  mountain  foot-hills,  the  high  open 
mountain  park  areas,  and  in  the  sagebrush  country  of  northern  and 
western  Nevada. 

The  Time  of  Year  When  Growth  Begins. 

The  time  when  death  camas  starts  to  grow  in  the  spring  varies  with 
the  season  and  also  with  different  exposures  and  different  soils;  the 
green  shoots  are  sometimes  found  as  early  as  the  middle  of  March. 


Flffore  3.    Foot-HiU  Death  Camas.    Plants  in  various  stages  of  growth, 
from  seedlings  to  mature  plant  in  bloom. 

The  plants  make  their  appearance  first  on  sandy  soils  and  on  southern 
exi)osures.  On  the  dark  loamy  and  clay  soils  their  growth  is  much 
retarded;  probably  because  these  soils  are  moist  and  consequently 
warm  up  less  readily.  If  the  weather  is  fairly  warm  the  death  camas 
will  b^in  to  grow  from  ten  days  to  two  weeks  after  the  snow  melts 
out  in  the  spring;  and  the  leaves  are  soon  high  enough  to  cause  loss. 
By  the  latter  part  of  June  on  the  lower  ranges,  the  plant  has  usually 
died  down. 

How  the  Flavor  of  Death  Camas  Affects  the  ProbabUity  of  Poisoning. 

All  species  of  death  camas  which  grow  in  Nevada  have  a  bitter  flavor 
and  are  extremely  distasteful  to  cattle  and  sheep.    In  all  our  feeding 
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tests  it  was  practically  impossible  to  get  either  sheep  or  cattle  to  eat 
this  plant  readily,  even  after  going  hungry  for  two  or  three  days. 
When  a  hungry  animal  was  first  fed,  a  few  mouthfuls  would  be  eaten; 
but  almost  as  soon  as  the  plant  juices  came  in  contact  with  the  mouth 
the  animal  would  begin  to  wrinkle  its  nose  and  move  its  tongue  in  such 
a  manner  as  quickly  to  get  rid  of  what  was  in  its  mouth. 

In  order  to  get  any  large  number  of  plants  into  an  animal  it  was 
necessary  to  resort  to  forced  feedings,  which  consisted  mainly  in  plac- 
ing the  ground  leaves  so  far  back  in  the  animal's  mouth  that  it  had 
to  swallow  what  was  given  it.    When  this  plant,  mixed  with  palatable 


Figure  4.  Foot-Hm  Death  Camas  (on  left)  and  Wild  Onion.  Notice  the  differ- 
ence in  the  arrangement  of  the  flowers  on  the  stem.  The  flowers  of  death 
camas  are  scattered  along  the  sides  of  the  stem;  those  of  wild  onion  form 
a  round  cluster  at  the  end  of  the  stem. 

weeds  and  grasses,  was  fed  to  hungry  animals  they  would  sort  out  the 
grasses  and  weeds  and  eat  them,  avoiding  the  death  camas  wherever 
possible.  This  shows  clearly  how  sheep  and  cattle  dislike  this  poisonoos 
plant  and  try  to  avoid  eating  it. 

On  many  of  the  grazing  ranges  in  the  western  part  of  Nevada,  sheep 
have  been  closely  observed  while  grazing  on  ground  supporting  death 
camas,  with  weeds,  browse,  and  a  scattering  stand  of  grasses.  The 
sheep  nibbled  weeds  and  grasses  all  around  the  death  camas,  leaving  it 
almost  untouched.   Naturally,  no  losses  occurred  under  these  conditions. 
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On  several  of  these  ranges  it  was  noticed  that  the  death  camas  plants 
had  been  grazed  by  some  animal.  A  study  of  conditions  on  near-by 
ranges,  where  it  was  known  that  there  had  been  no  live  stock  that 
season,  revealed  the  fact  that  a  number  of  rodents,  common  ground 
squirrels  among  others,  were  eating  the  leaves  and  digging  up  the 
bulbcL  Ordinarily,  if  there  had  been  sheep  on  these  ranges  and  poison- 
ing had  occurred,  it  would  have  been  seen  that  the  death  camas  plants 
had  been  grazed ;  and  they  would  have  been  blamed  for  the  losses. 

A  series  of  similar  observations  were  made  on  Peavine  Mountain, 
near  Beno  by  J.  A.  Longyear  who  states  that  the  tops  of  death  camas 
plants  are  nibbled  rather  freely  by  ground  squirrels. 

Because  of  the  fact  that  in  the  experimental  work  it  took  a  large 
quantity  of  death  camas  to  kill  a  sheep,  a  series  of  feeding  tests  were 
made  with  the  most  palatable  young  green  weeds  and  grasses  to  find 
out  the  amount  of  such  plants  a  range  sheep  will  eat  before  its  hunger 
is  satisfied. 

Two  yearling  lambs  in  medium  condition  were  fed  a  mixture  of  green 


Figure  6.    Foot-Hill  Death   Oamas. 
Plants  beginning  growth  in  early 
spring. 


Figure  6.  The  Foot- 
H111  Death  Camas. 
This  plant  has 
been  nibbled  by 
ground  squirrels. 


grasses  and  weeds.  These  animals  were  fed  during  a  series  of  days  all 
th^  would  eat  in  the  forenoon  and  afternoon.  The  average  consump- 
tion of  weeds  and  grass  was  four  and  one-half  pounds  on  each  half- 
day,  or  nine  pounds  per  day. 

Two  old  ewes  weighing  80  and  90  pounds  respectively  were  put  to 
the  same  test  as  the  lamte ;  and  it  was  found  that  on  the  average  each 
would  eat  a  little  over  eight  pounds  daily.  These  tests  probably  show 
quite  accurately  the  quantity  of  green  feed  eaten  by  a  range  sheep  in  a 
single  day. 

With  death  camas  the  experimental  feeding  tests  showed  that  the 
smallest  amount  which  will  make  a  sheep  sick  is  between  one-fourth 
pound  and  one  pound.  Amounts  of  one-fourth  to  two  and  one-half 
pounds  in  each  feeding  made  the  sheep  sick;  but  none  died  from  the 
direct  effects  of  the  poisoning.  However,  two  were  so  weakened  that 
they  died  later;   one  from  inflammation  and  ulceration  of  the  fourth 
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stomach,  the  other  from  pneumonia.  Quantities  of  three  pounds  or 
more  killed  the  animals  in  all  eases,  with  the  exception  of  a  single  sheep 
which  appeared  far  more  resistant  to  poisoning  than  the  average 
animal. 

When  we  compare  the  capacity  of  a  sheep's  stomach,  approximately 
four  and  one-half  of  green  grass  and  weeds  at  a  single  feeding,  with  the 
quantity  of  death  camas  required  to  kill,  approximately  three  pounds 
or  more ;  then  it  would  appear  that  the  sheep  would  have  to  graze  very 
largely  on  death  camas  in  order  to  secure  a  fatal  dose. 

In  order  to  get  a  clear  idea  of  how  thick  a  stand  of  death  camas  there 
is  on  the  range  early  in  the  spring  when  the  danger  is  greatest,  square- 
rod  plots  were  laid  out  where  death  camas  {Zygadenus  panictUaius) 
appeared  most  abundant  on  the  foot-hills  southwest  of  Reno.  On 
April  12,  1918,  32  plants,  all  that  grew  on  one  square  rod,  were  cut  off 
at  a  height  of  three-quarters  inch  above  the  ground.    The  total  weight 


Figure  7.    Foot-HiU  Death  Camas.    The  leaves  appear  to  spring  directly 
from  the  ground  without  any  stem. 

was  32.8  grams,  or  a  little  more  than  an  ounce.  On  April  15,  52  plants 
were  cut  from  two  square  rods  and  the  total  weight  of  leaves  cut  was 
28.6  grams  per  square  rod,  or  approximately  one  ounce.  At  this  rate 
it  would  take  sixteen  square  rods  to  produce  a  single  pound  of  the 
plant.    The  leaves  at  this  time  were  from  four  to  eight  inches  high. 

On  all  of  these  plots  there  was  a  far  heavier  stand  of  death  camas 
than  would  ordinarily  be  found  on  any  of  the  ranges  in  Nevada.  If 
the  plants  really  grew  as  thickly  on  the  range  as  on  these  selected  plots, 
and  if  they  had  reached  a  height  of  from  four  to  eight  inches,  then  each 
acre  would  produce  from  10  to  12  pounds  of  death  camas,  enough  to 
poison  fatally  some  three  or  four  sheep.  The  death  camas  was  cut  and 
weighed  at  a  time  of  year  when  all  other  green  vegetation  was  very 
scarce,  and  the  likelihood  of  poisoning  was  greatest. 

On  May  17,  1918,  when  other  range  vegetation  was  quite  abundant, 
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17  death  camas  plants,  all  that  grew  on  a  square  rod,  were  clipped 
three-fourths  of  an  inch  from  the  surface  of  the  ground ;  they  weighed 
4.8  ounces,  somewhat  more  than  one-fourth  pound.  The  plants  were 
then  in  full  bloom,  some  of  them  going  to  seed.  At  this  rate  and  at  this 
time  of  year  an  acre  would  produce  approximately  48  pounds  of  death 
camas,  enough  to  poison  fatally  about  16  head  of  sheep.  However,  the 
plant  does  not  grow  as  thickly  as  this  uniformly  over  any  sheep  range. 
The  square-rod  plots  were  selected  areas,  chosen  because  iJiey  supported 
an  unusual  number  of  plants. 

Foot-HiU  Death  Oaiiia8(Zygadenii8  panicnlattui)  Feeding  Experiments  witb  Sheep. 

In  the  course  of  the  years  1918  and  1919,  69  feedings  were  made  to 
sheep.  Most  of  these  feedings  were  of  leaves,  only  a  few  feedings  being 
made  of  the  flower-heads,  seed-heads,  and  bulbs.  The  results  of  these 
feedings  are  condensed  in  Table  I. 

The  results  of  the  experiments  presented  in  this  table  may  be 
summarized  as  follows : 

(1)  None  of  the  nine  feedings  of  i  pound  each  had  any  appreciable 
effect  upon  the  animal,  indicating  that  this  quantity  of  the  plant  is 
practically  harmless ;  (2)  out  of  the  16  feedings  of  i  pound  of  the  tops, 
six  tests  produced  no  visible  symptoms,  while  10  made  the  animals 
appreciably  sick.  These  feedings  show  that  if  sheep  in  a  range  flock 
eat  as  little  death  camas  as  i  pound  each,  trouble  may  possibly  follow. 

A  single  feeding  of  i  pound  of  the  bulbs  made  one  sheep  sick,  but  in 
a  few  hours  it  had  completely  recovered.  It  takes  several  plants  to 
make  i  poimd  of  the  bulbs,  more  plants  in  fact  than  a  sheep  could 
possibly  ever  pull  up ;  so  the  bulbs  as  a  poisonous  part  of  the  plant  may 
be  completely  disregarded. 

(3)  Nine  out  of  12  feedings  of  i  pound  of  the  tops  produced  typical 
symptoms  of  poisoning,  while  three  apparently  had  Uttle  effect  upon 
the  animals.  A  half-pound  of  the  tops  will  generally  make  a  sheep 
sick ;  any  larger  quantity  will  almost  always  cause  severe  poisoning. 

(4)  Pour  out  of  five-  feedings  of  f  pound  each  made  the  animals 
sick.  These  sheep  were  much  more  seriously  affected  than  those  fed  J 
pound  each. 

(5)  Of  seven  feedings  of  one  pound  each,  six  caused  severe  poisoning 
while  one  had  no  effect.  Apparency  one  pound  is  as  much  as  any 
sheep  can  eat  without  danger  of  serious  poisoning. 

(6)  Pour  feedings  of  from  1^  to  1^  pounds  all  caused  severe  but  not 
fatal  poisoning. 

(7)  Five  feedings  of  quantities  varying  between  If  pounds  and  2^ 
pounds  caused  very  severe  poisoning,  resulting  in  death  in  two  cases. 

(8)  All  feedings  of  three  pounds  each  resulted  fatally.  However, 
sheep  No.  18  was  twice  fed  3^  pounds  without  a  fatal  result,  although 
the  animal  was  severely  poisoned  and  was  sick  for  more  than  a  day  each 
time.  This  animal  appeared  to  be  very  resistant  to  poisoning  by  death 
camas ;  later,  in  tests  with  other  plants,  she  showed  the  same  resistance 
to  poisoning. 

(9)  Three  feedings  of  four  pounds  of  the  tops  all  caused  death.  It 
seems  fair  to  assume  that  under  ordinary  conditions  no  sheep  can  eat 
such  a  quantity  of  death  camas  and  live.  Still,  four  pounds  is  a  far 
greater  quantity  than  any  sheep  is  likely  ever  to  find  on  the  range. 

(10)  Of  three  feedings  of  quantities  of  seed-heads  varying  between 
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TABLE  I 


FooT-HiLL  Death  Camas  (Z.  panioulatus) . 

Fed  to  Sheep. 


The  Fbesh  Green  Plant 


Animal 
No. 


Welf"|Datefed 


Time  fed 


Amount 
fed.  lbs. 


Time  symptoms  I 
appeared 


Time  of  death 
or  recovery 


final  result 


18. 

8. 

6.. 
24. 
28.. 
27. 
26. 
25. 
2S. 
25. 


21.- 
9.- 
7.. 

17- 

10- 

26- 

25- 

26- 

26-. 

14... 

28... 
8-. 

20... 
9- 
6- 
8- 

26- 

26... 

26.. 

16- 
2-. 

29... 

26.. 

46-. 

11.. 

27... 

27.. 

27.. 

29.. 

28.. 

28- 

10... 

18- 

28- 

46... 

29.. 

12-. 

24- 

19.. 

20- 
8- 

16- 

29... 

19- 

12.. 

22- 
6- 

18-. 

18- 

20- 


21. 
24. 
29. 
8.. 
26.. 
29.. 


98 
98 

116 
75 
72 
78 
88 
77 
72 
66 
66 
68 
72 

120 
75 
76 


6-22-18 
6-22-18 
6-22-18 
6-2»-18 
^4-18 
6-4-18 
6-4-18 
5-6-18 
5-6-18 
5-9-18 
5-10-18 
5-10-18 
5-14-18 
5-22-18 
5-22-18 
5-22-18 
5-22-18 
6^-18 
5-25-18 
6-4-18 
6-4-18 
4-17-19 
6-6-18 
6-6-18 
6-9-18 
6-14-18 
5-1&-18 
5-22-18 
5-24-18 
fr-26-18 
5-26-18 
6-4-18 
4-17-19 
4-23-19 
5-5-19 
6-7-18 
5-22-18 
5-23-18 
5-24-18 
4-18-19 
6-24-18 
5-25-18 
5-  9-18 
5-10-18 
5-22-18 
4-22-19 
4-28-19 
5-  9-18 
6-14-18 
5-  9-18 
6-10-18 
6-10-18 
6-14-18 
6-24-18 
6-16-18 
5-22-18 
5-16-18 
5-22-18 
6-18-18 
5-24-18 
5-17-18 
5-17-18 
5-22-18 

5-  6-18 

6-  4-18 
6-  4-18 
6-27-18 
5-1&-19 
5-  6-19 


2:15  p.  m. 

2:20  p.  m. 

2:26  p.  m. 

2:80  p.m. 

2:15  p.  m. 

2:25  p.  m. 

2:80  p.m. 
11:10  a.  m. 
11:30  a.  m. 
10:20  a.m. 

9:80  a.m. 

9:40  a.m. 
11:10  a.  m. 

2:86  p.  m. 

2:40  p.  m. 

2:60  p.m. 

2:56  p.m. 

9:10  a.  m. 
10:20  a.  m. 

2:85  p.m. 

2:40  p.  m. 
11:46  a.  m. 
IIHN)  a.  m. 

2:40  p.m. 
11:46  a.  m. 
lld»a.m. 
10:40  a.  m. 

8:16  p.m. 

9:20  a.m. 
10:80  a.m. 
10:40  a.m. 

2:50  p.m. 
11:46  a.m. 
llK)Oa.m. 
10K)0a.m. 
11:80  a.m. 

8:40  p.  m. 
10:86  a.  m. 

9:25  a.m. 

9:30  a.m. 

9:80  a.m. 
10:40  a.  m. 
11:35  a.m. 
11:06  a.m. 

8:50  p.m. 
lO.-OO  a.  m. 
10:80  a.  m. 
11:60  a.  m. 
10:40  a.  m. 
10:40  a.  m. 
11:86  a.m. 
10:36  a.  m. 
10:15  a.  m. 

9:40  a.  m. 
10:15  a.  m. 
10:15  a.  m. 
10K)0a.m. 
11.'20  a.  m. 
10:35  a.m. 
10*.25  a.  m. 
10:15  a.  m. 
10:30  a.  m. 
10:40  a.  m. 

2:66  p.  m. 

2:19  p.  m. 

2:20  p.  m. 
10:30  a.  m. 

9:40  a.  m. 

9:50  a.  m. 


2 
2 
2i 
2i 
3 
3 

II 

4 
4 
4 


2J>5p.m. 
8:80  p.m. 
2:80  p.m. 
8:30  p.m. 


7HX)p.  m. 
8.-00  p.  m. 
8:55  p.m. 
8:66  p.m. 


12.-00m. 
8:60  p.  I 


6:40  p.  m. 
2:80  p.m. 
14)0  p.m. 
4:66  p.m. 
10:60  a.  m. 
2:40  p.  m. 
1:40  p.m. 
4:50  p.m. 


4:45  p.  m. 


7:00  p.m. 
1:40  p.m. 
2:16  p.m. 
1:80  p.  m. 
2:16  p.  m. 
12KWm. 
1:20  p.m. 
8:30  p.  m. 
7:00  p.  m. 
2:40  p.m. 


2:80  p.  m. 

3:30  p.m. 

1:20  p.m. 

3:15  p.m. 

2:30  p.  m. 

2:30  p.m. 
11.-05  a.  m. 

2:30  p.  m. 
12:30  p.  m. 

l.-OO  p.  m. 
12:30  p.m. 

lKX)p.  m. 
lOKK)  a.  m. 
11:20  a.  m. 
11:20  a.  m. 
12:20  p.m. 
U.-OOp.m. 


I 


11:30  a.  m. 
4:45  p.m. 


5:00  p.m. 
5:00  p.m. 
6KN)p.m. 
4*.80  p.  m. 


6-2»-10:00  a.  m. 

6-28—  8KX)p.m. 

5-28— 10:00  a.  m. 

7:00  p.m. 


8KX)p.  m. 
7:46  p.m. 


6-10—  8:00  a.  m. 

5:00  p.m. 

5:00  p.m. 
10:00  p.  m. 
11:60  a.  ro. 

8:00  p.m. 

84)0  p.m. 

7:45  p.  m. 


74)0  p.m. 


■^23— 'sSoium;' 

84X)p.  m. 

4:16  p.  m. 

54)0  p.m. 

44)6  p.m. 

84)0  p.m. 
9-11— 8.4)0  a.  m. 

54)0  p.  m. 
5-28—  8.-00  a.  m. 
4-28—  84)0  a.  m. 


4:80  p.m. 

54)0  p.m. 

6:40  p.m. 

5:15  p.m. 
5-11—  84)0  a.  m. 
5-15—  84)0  a.  m. 

2:00  p.  m. 
6-18—  84)0  a.  m. 
5-26-114)0  a.  m. 
5-18-  94)0  a.  m. 
5-28—  14)0  a.  m. 
5-19-  8:00  a.  m. 
5-2&—  24)0p.m. 
5-18—  14)0  p.  m. 
5-18—  84)0  a.  m. 

1:25  p.m. 
6-  7—  64)0p. m. 


5-28-  84)0  a.  m. 
74)0  p.  m. 


.  Nesativv 
.  NesmtiTe 
.  Nccmthre 
.  Nccmtiw 
.  Nosatiw 
.  Nosatiw 
.  Na0BtiT0 
.  BecoiKiy 
.  Bwxivary 
.  Bwxivary 
,  Reoovenr 
.  Nesathre 
.  Negative 


Nfl«ati¥e 


Nfl«ati¥e 
NecatHv 
Nesativv 
Nfl«ati¥e 


,  RaeoTcty 

ctoeowy 
Necatiw 

Nocativw 


Rociovny 

.  Rflcuf  eijf 

.  RoCOV6f7 

.  R<covwy 

.  Reoovwy 

.  Necathr* 


—.Death 


Death 

Death 

Death 

..  Recovery 
.-  ReeoTety 

Death 

Death 

Death 

. 'Recovery 
.  fNesmtive 
.  tNesative 
.  tReeovery 
.  tNecative 
.  iRecovciy 


*Flower  heads  fed.    tSeed  heads  fed.    tBuIbs  fed. 
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■J  and  */io  of  a  pound,  one  caused  sickness  and  two  were  without  result. 
Apparently  the  green  seed-heads  are  about  as  poisonous  as  the  leaves 
and  stems.  The  number  of  tests,  however,  was  not  great  enough  to 
prove  this  conclusively.  As  a  cause  of  poisoning  in  range  sheep 
it  is  believed  that  the  seed-heads  of  death  camas  are  of  very  little 
importance. 

Syinyioms  of  Poisoning  in  Sheep  by  Foot-Hill  Deatb  Camas. 

Small  doses,  from  ^  to  }  of  a  pound,  cause  salivation  or  slobbering  in 
nearly  every  case.  A  few  cases  show  nausea  and  vomiting;  there  is 
often  a  marked  increase  in  the  rate  of  respiration  sometimes  amounting 
to  panting.  The  breathing  is  very  irregular;  for  a  time  it  is  rapid, 
then  very  slow.  In  some  cases  there  is  a  muscular  weakness,  which  is 
most  noticeable  in  the  hind-legs. 

With  larger  doses,  from  one  to  two  pounds,  there  is  in  addition  to 
the  above  symptoms  a  period  of  dullness  during  which  the  animal 
stands  with  the  back  arched  and  the  head  and  ears  drooping.  With 
still  larger  doses  the  animal  becomes  so  weak  as  to  be  imable  to  rise. 

In  some  cases  the  mucous  membrane  of  mouth  and  tongue  appeared 
blue ;  and  two  sheep  showed  such  a  spasmodic  twitching  of  the  muscles 
as  occurs  in  strychnine  poisoning. 

Time  Necessary  for  Synq;itom8  of  Poisoning  to  Appear. 

The  time  which  elapsed  from  the  time  of  feeding  until  symptoms 
appeared  varied  from  one  to  seven  hours,  the  average  being  three  hours 
and  ten  minutes.  The  time  was  slightly  less  for  the  lai^r  doses.  With 
doses  of  less  than  two  pounds  the  time  averaged  three  hours,  twenty-two 
minntes ;  with  doses  of  three  pounds  or  more  the  average  was  two  hours, 
twenty-five  minutes. 

I«eiigtli  of  Time  fhe  Poisoned  Sheep  Were  Sick. 

The  length  of  time  through  which  the  sheep  remained  sick  was  quite 
variable.  After  doses  of  i  pound  to  two  pounds  the  animals  were  sick 
for  from  one  to  eighteen  hours,  averaging  about  five  or  six  hours.  As 
several  of  these  sheep  recovered  during  the' night,  we  do  not  know 
exactly  how  long  they  were  sick.  Most  of  the  sheep  which  died  from 
the  direct  eflfects  of  death  camas  poisoning  were  sick  from  twenty  to 
twenty-five  hours;  and  one  was  down  and  unable  to  rise  for  nearly 
three  days  before  it  died. 

Some  Typical  Oases  of  Death  Camas  Poisoning  in  Sheep. 

Case  i.  A  yearling  wether  weighing  81  pounds  was  fed  J  pound  of 
the  leaves  of  death  camas  at  11 :  10  a.  m.  May  5, 1918.  At  2 :  55  p.  m.  it 
began  to  froth  at  the  mouth  and  made  attempts  to  vomit.  The  breath- 
ing was  very  irregular,  alternately  rapid  and  slow.  At  4 :  30  p.  m.  the 
animal  seemed  to  be  getting  better  and  by  5  p.  m.  it  appeared  to  have 
recovered  completely. 

Case  2.  About  one  month  later,  on  June  4, 1918,  the  same  sheep,  now 
weighing  93  pounds,  was  fed  \  pound  at  2 :  35  p.  m.  At  3 :  50  p.  m.  it 
began  slobbering;  and  at  4:05  p.  m.  it  was  nauseated  and  began  to 
vomit.  The  breathing  was  at  first  fast  and  shallow,  then  slow  and  full^ 
with  occasional  slight  pauses.  By  4 :  30  it  had  vomited  an  amount  esti- 
mated at  }  of  a  quart.  Vomiting  ceased  soon  afterward  and  by  4: 50 
the  sheep  was  much  better.  When  next  observed,  at  7 :45  p.  m.,  it  was 
eating  hay  and  appeared  to  have  fully  recovered. 
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Case  3.  A  yearling  wether  weighing  56  pounds  was  fed  \  pound  of 
death  eamas  leaves  at  3 :  15  p.  m.  May  22,  1918.  At  4 :  35  it  was  froth- 
ing at  the  mouth  and  trying  to 
vomit.  At  4 :  40  it  was  vomiting 
freely.  At  7  p.  m.  it  was  still 
frothing  at  the  mouth,  but  had 
ceased  vomiting  and  was  getting 
better.  At  8  p.  m.  it  seemed  to 
have  recovered.  At  10  p.  m.  it  was 
again  slobbering  a  little.  Next 
morning  at  8  o'clock  it  had  fully 
recovered. 

Case  4.  A  yearling  wether  fed  } 
pound  of  the  leaves  at  9 :  25  a.  m. 
May  24,  1918,  began  slobbering  a 
little  at  2 :  15  p.  m.  This  gradu- 
ally increased,  and  at  3 :  20  it  was 
foaming  freely  at  the  mouth.  At 
4  p.  m.  it  was  still  slobbering  a 
little ;  but  at  4 :  15  it  began  eating 
grass  and  seemed  to  have  recovered 
fully.  No  other  sjinptoms  were 
noted. 

Case  5.  A  ewe  weighing  75 
pounds  was  fed  IJ  pounds  of  death 
camas  at  11 :  50  a.  m.  At  2 :  30 
this  sheep  was  grinding  its  teeth 
and  slobbering  freely.  At  3 :  40  it 
was  dull  and  stood  with  the  head 
and  ears  drooping,  still  frothing 
freely  at  the  mouth.  At  4 :  30  the 
animal  appeared  to  have  nearly 
recovered,  and  was  nibbling  at 
feed. 

Case  6.  A  ewe  weighing  68 
pounds  was  fed  1^  pounds  of  death 
camas  at  10: 40  a.  m.  May  9,  1918. 
It  began  to  froth  at  the  mouth  at 
1:20  p.  m.  At  about  1:30  it 
vomited  a  considerable  amount.  At 
2 :  30  it  was  slobbering  freely,  and 
Figures.  Death  Oamas  Poisoning,  stood  with  drooping  head;  showing 
a  decided  weakness  in  the  hind  legs.  At  3 :  30  it  was  salivating  less 
freely,  but  still  stood  with  head  drooping.  At  4 :  30  it  was  getting 
better;  but  was  still  slobbering  a  little,  and  refused  to  eat.  At  6 :  40  it 
appeared  to  have  fully  recovered. 

Case  7.  A  ewe  weighing  83  pounds  was  fed  three  pounds  of  death 
camas  leaves  on  May  15,  1918,  at  10  a.  m.  At  1 :  30  p.  m.  it  was  slob- 
bering freely,  was  weak,  and  staggered  when  made  to  move.  The 
breathing  was  labored,  and  at  times  the  animal  vomited.  These  symp- 
toms continued,  the  animal  growing  worse  until  3  p.  m.  and  becoming 
weak  enough  by  4  p.  m.  to  stagger  when  walking ;  it  was  then  so  weak 
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that  it  could  easily  be  pushed  over.  The  mucous  membranes  of  the 
mouth  and  tongue  were  bluish.  At  7 :  30  p.  m.  it  seemed  better,  and  did 
not  appear  so  weak.  At  9  a.  m.  next  day  it  was  down  flat  on  the  side 
and  unable  to  rise.  At  11  a.  m.  it  had  twitching  movements  of  the 
muscles  similar  to  those  in  strychnine  poisoning.  The  animal  remained 
down  all  that  day.  Next  morning  it  was  still  down  and  appeared  to  be 
getting  weaker;  the  breathing  was  labored  and  was  accompanied  by 
peculiar  grunts.  At  9  a.  m.  on  the  18th  it  was  found  dead,  but  still 
warm. 

Case  8.  A  ewe  weighing  77  pounds  was  fed  three  pounds  of  death 
camas  at  11 :  20  a.  m.  May  22,  1918.  At  12 :  30  it  was  frothing  at  the 
mouth ;  by  1 :  30  it  was  frothing  freely  at  the  mouth  and  vomiting ; 
these  symptoms  continued  until  about  2 :  30.  By  2 :  50  the  animal  was 
weak  in  the  hind  legs  and  staggered  when  made  to  walk.  The  animal 
continued  to  get  worse,  and  by  4  p.  m.  was  very  weak  and  dull,  standing 
with  head  and  ears  drooping^and  the  back  arched.  At  4:30  it  vomited 
again.  At  7  a.  m.  the  animal  was  very  dull,  and  staggered  when  made 
to  move.  It  continued  to  grow  worse  until  10  p.  m.  Next  morning, 
at  8  a.  m.  it  was  very  weak  and  unable  to  get  up.  It  remained  in  this 
condition  all  the  forenoon ;  and  died  quietly  at  1 :  30  p.  m. 

Meadow  Deatb  Oamiui  (Zygadenus  venenosus)  Feeding  Experiments  with  Sheep. 
Only  three  feeding  tests  were  made,  as  the  plant  is  not  at  all  abun- 
dant on  the  ranges  in  western  Nevada ;  and  material  for  the  tests  was 
necessarily  limited.  It  is  much  less  important  on  Nevada  ranges  than 
the  foot-hill  death  camas.  The  results  of  the  three  feedings  are  sum- 
marized in  Table  II. 

TABLE  II 
Meadow  Death  Camas  (Z.  venenosus).    The  Gbeen  Leaves  and  Flowebs 

Fed  to  Sheep. 


'^.**l  ^IbT*    Date  fed  I  Time  fed 


Amount 
fed.  lbs. 


Time  symptoms 
appeared 


Time  of  death 
or  recovery 


Final  result 


87 90 

S7 !  93 

62 1  101 


6-9-19 
6-11-19 
6-28-19 


9:45  a.  m. 
10:50  a.  m. 
11:00  a.m. 


1:40  p.  m. 
11:60  a.  m. 


5:00  p.  m. 
After  ll.-OO  p.m. 


.  Negative 
.  Recovery 
Death 


The  experiments  summarized  in  Table  II  show  that  this  plant  is 
poisonous  and  that  amounts  of  one  pound  or  more  will  cause  serious 
poisoning  in  sheep.  The  symptoms  produced  by  this  plant  are  almost 
identical  with  those  described  for  the  foot-hill  species,  as  will  be  seen 
from  the  following  typical  cases : 

Typical  Oases  of  Poisoning  in  Sheep,  Meadow  Death  Camas. 

Case  1.  A  ewe  weighing  93  pounds  was  fed  one  pound  at  10 :  50  a.  m. 
At  1 :  40  p.  m.  it  was  foaming  at  the  mouth.  At  2 :  40  it  was  chewing 
cud,  but  still  foaming  at  the  mouth.  At  5  p.  m.  it  appeared  to  have 
recovered. 

Case  2.  On  June  26,  1919,  a  ewe  weighing  101  pounds  was  fed  two 
pounds  of  the  plant  at  11  a.  m.  At  11 :  50  it  was  foaming  at  the  mouth 
and  vomiting.  At  1  p.  m.  the  respiration  was  rapid  and  irregular, 
varying  from  55  to  70  per  minute.  It  still  frothed  freely  at  the  mouth, 
the  froth  being  scattered  all  over  the  pen.  By  4 :  15  it  was  very  weak, 
sta^ered  when  walking,  trying  to  vomit.    The  animal  then  appeared 
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to  be  strangling,  perhaps  due  to  froth  getting  into  the  windpipe.  It 
fell  at  4: 30  and  could  not  get  up  again;  at  4: 45  it  got  up,  but  could 
barely  walk.  At  7  p.  m.  it  was  down  and  could  not'  be  induced  to  rise. 
It  continued  to  get  weaker  and  duller  until  10 :  30  p.  m.,  when  the 
observer  left  for  fiie  night.  The  animal  probably  died  soon  afterward ; 
as  it  was  dead,  cold  and  stiff,  at  8  the  following  morning. 

A  Table  of  Symptoms  of  Deatb  Camas  Poisoning  in  Sheep. 

Table  III  gives  in  very  condensed  and  concrete  form  the  effects  of 
various  quantities  of  death  camas  (Z.  panicvlaius  and  Z.  venenosus) 
when  fed  to  sheep  (see  page  18). 

Feeding  tbe  Green  Foot-Hill  Deatb  Camas  to  a  Ewe  witb  Snckling  Lamb. 

Reports  from  various  sources  made  it  seem  possible  that  suckling 
lambs  might  be  poisoned  by  alkaloids  secreted  in  the  mother's  milk 
when  the  ewes  fed  upon  this  plant,  and  before  the  lambs  were  old 
enough  to  nibble  at  it.  To  test  this  matter,  a  ewe  with  a  suckling  lamb 
was  fed  the  foot-hill  death  camas  under  the  conditions  listed   in 

Table  IV. 

TABLE  IV 

FooT-Ebix  Death  Camas  (Z.  panUmlatus) .    The  Fbesh  Leaves  Fed  to  a  Ewe 

WITH  Suckling  Lamb. 


Antanal 
No. 

Date 

Time  fed 

Amt 
lbs. 

WeUrbt 
lbs. 

Time 
symptoms 
appeared 

Time  of 
recoyery 

Street  OD 
ewe 

Effect  on 
lamb 

17 

4-1-W 

4-8-19 
4-4-19 
4-^19 
4-10-19 
4-11-19 
4-ie-19 
4-17-19 
4-18-19 
4-19-19 
4-22-19 

1:80  p.m. 
8:30  p.m. 
L-Mp.m. 
1:80  p.m. 
9:00  a.m. 
8:40  a.  m. 
9:00  a.m. 
8:40  a.m. 
8:80  a.m. 
9:80  a.m. 
9K)0a.m. 
10:00  a.m. 

1 

it 

96 

Negative.. 
Mesatiye.. 
Neffatiye.. 
Nesatiye.. 
N«riratiye.. 
Nesatiye.. 
Negatiye.. 
Nesatiye.. 
Recoyery.. 
Recoyery.. 
Recoyery.. 
Recoyery.. 

..Nesatiye 

..Nesatiye 

..Nesatiye 

..Nesatiye 

..Nesatiye 

..Nesatiye 

..Nesatiye 

..Nesatiye 

11:80  a.m. 
10KWa.m. 

7:80  p.m. 

IKX)  p.  m. 

4:00  p.m. 

llKN)a.m. 

4-20— 8KX)  a.  m. 

2KX)p.  m. 

..Nesative 
..Nesative 
..Nesatiye 
..Nesatiye 

The  tests  recorded  in  Table  IV  show  that  although  the  ewe  was  fed 
amounts  varying  from  4  pound  to  1^  pounds  and  was  made  sick  four 
times,  still  the  suckling  lamb  was  not  affected  during  any  of  the  twelve 
feedings  of  its  mother. 

In  the  case  of  the  ewe  these  feedings  would  also  seem  to  indicate  that 
there  is  little  or  no  tendency  for  a  sheep  to  become  immune  to  the 
poisonous  effects  of  death  camas  after  feeding  repeatedly  upon  it. 

Feeding  Oreen  Foot-Hill  Death  CamM  to  Cattle. 

Table  V  summarizes  the  results  of  eighteen  tests  in  which  the  fresh 
green  plants  were  fed  to  cattle  (see  next  page). 

It  appears  from  this  table  that  cattle  are  quite  susceptible  to  the 
poisonous  principle  of  the  foot-hill  death  camas.  Out  of  the  eighteen 
feedings,  ten  made  the  animal  sick;  but  no  deaths  occurred.  It  was 
almost  impossible  to  get  cattle  to  eat  more  than  two  pounds  of  the 
plant;  because  they  soon  became  so  violently  sick  that  they  vomited 
up  all  the  material  eaten.  Two  small  feedings  of  i  pound  each  had  no 
apx>arent  effect  upon  the  animals  fed;  but  quantities  of  from  f  of  a 
pound  to  two  pounds  usually  caused  symptoms  of  poisoning.  In  some 
instances  poisoning  was  quite  severe,  reducing  for  several  days  the 
vigor  and  strength  of  the  animal. 
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TABLE  V 
FooT-HiLL  Death  Camas  (Z.  paniculatus) ,    The  Gbeen  Leaves  Fed  to  Cattle. 


Animal 
No. 


1 
6 
1 
4. 
4 
4 
6. 
1. 
1 
4. 
6 
6, 
6. 
6. 
6 
8 
6. 
6 


W^«"    D.tefea 


I 


137 

203 

137 

166 

166 

166 

203 

187 

143 

160 

206 

206  I 

206  ' 

206 

198 

220 

206 

193 


4-8-19 
4-12-19 
4-10-19 
4-10-19 
4-16-19 
4-8-19 
4-10-19 
4-12-19 
4-16-19 
4-26-19 
4-10-19 
4-16-19 
4-  8-19 
4-12-19 
4-16-19 
4-14-19 
4-19-19 
4-2&-19 


Time  fed 


8K)0a.in. 

8:46  a.  m. 

8'^a.in. 

9:00  a.m. 

9KX)a.m. 

8:80  a.m. 

9:46  a.  m. 

8:30  a.  m. 

9.-00  a.  m. 
10:60  a.m. 
10:20  a.  m. 
10:20  a.m. 

9:00  a.  m. 
10K)0a.m. 
11:30  a.m. 
10:20  a.  m. 
lOKX)  a.  m. 

9:30  a.  m. 


Amouot   Time  symptoms  ,  Time  of  death 
fed.  lbs.         appeared  or  recovery 


11:80  a.m. 
IIKX)  a.  m. 
9:80  a.  m. 


About  12M  m. 


lOUiO  a.  m. 

lOKX)  a.  m. 

11:80  a.m. 

IHX)  p.  m. 


10:20  a.m. 
lOKX)  a.  m. 


Final  result 


SKWp. 
8:30  p.m. 
4:30  p.m. 


.  NeiatiTc 
;. ...  Necathre 
I Negative 


Bieoow7 

Ncsative 

Negativt 

I—.  N««atite 

4-26— 6:00  a.  m.    Beeovary 

'..,.  NecaHv* 

4KN)p.m. Raeofnrj 

4:80  p.m.    Baoovery 


4-18— 4H»  p.m. 
4K)0p.m. 


4-22— 8:00  a.  m. 


.  Raoovcry 
.  Raoovcry 

.  Negative 
.  Raoovcry 


4-28— 6.-00  a.  m.  ■ Raeovery 


Symptoms  Exliiblted  by  Poisoned  Cattle. 

Slobbering  was  not  so  common  a  symptom  in  cattle  as  in  sheep,  while 
vomiting  was  much  more  common  and  more  profuse.  This  vomiting 
made  the  animals  appear  very  thin  until  they  recovered  suflBciently  to 
eat.  A  rise  in  the  rate  of  respiration  was  a  common  symptom. 
Severely  poisoned  cattle  became  very  weak  and  dull;  the  gait  was 
unsteady,  particularly  in  the  hind-legs,  the  animals  sometimes  stum- 
bling with  the  hind  feet.  A  few  were  either  so  weak  that  they  were 
unable  to  get  up,  or  else  they  would  fall  over  when  walking.  Grinding 
of  the  teeth  and  diarrhea  were  each  observed  in  a  single  animal. 

Length  of  Time  Required  for  Symptoms  to  Appear  in  Cattle. 

The  time  from  the  middle  of  the  feeding  period  until  cattle  became 
sick  varied  from  20  minutes  to  2|  hours,  averaging  about  1  hour  and 
7  minutes.  They  remained  sick  for  from  3  to  22  hours,  averaging 
Hi  hours. 

Some  Typical  Cases  of  Death  Camas  Poisoning  in  Cattle. 

Case  1,  A  calf  weighing  165  pounds  was  fed  f  of  a  pound  of  death 
camas  leaves  at  9  a.  m.,  April  10,  1919.  At  11 :  30  it  was  sick  and 
vomited  freely.  It  remained  sick,  vomiting  frequently,  until  1 :  30.  At 
3  p.  m.  it  appeared  to  have  recovered. 

Case  2,  A  calf  weighing  150  pounds  was  fed  i  pound  of  the  leaves 
at  10 :  50  a.  m.,  April  23,  1919.  It  vomited  between  noon  and  1  p.  m. 
At  3  p.  m.  it  was  lying  down  and  appeared  dull.  When  made  to  get  up 
it  walked  with  an  unsteady  gait.  At  5  p.  m.  it  was  up  and  eating  hay. 
At  8  a.  m.  next  day  it  was  still  slobbering;  but  by  5  p.  m.  it  had 
apparently  recovered. 

Case  3.  A  calf  weighing  208  pounds  was  fed  one  pound  of  death 
camas  at  9  a.  m.,  April  8,  1919.  At  10  a.  m.  it  began  vomiting  and 
frothing  slightly  at  the  mouth.  At  11 :  20  it  was  breathing  at  the  rate 
of  94  times  per  minute.  At  2:45  it  had  stopped  vomiting  and  the 
respiration  had  fallen  to  34  per  minute.  The  animal  was  stUl  slightly 
sick  at  3:30  p.  m.  but  was  eating,  and  appeared  to  have  nearly 
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recovered  at  4 :  30  p.  m.    At  8 :  30  next  morning  it  was  walking  with 
a  peculiar  gait,  frequently  stumbling  with  the  hind  feet. 

Case  4.  A  calf  weighing  208  pounds  was  fed  1^  pounds  at  10  a.  m., 
April  19,  1919.  At  10 :  20  a.  m.  it  began  vomiting,  and  vomited  again 
at  11 :  20  a.  m.  Was  grinding  the  teeth  almost  constantly  from  10 :  30 
until  noon.  At  noon  the  respiration  was  40  per  minute.  This  calf  was 
able  to  get  up  at  2  p.  m.,  but  walked  with  a  very  unsteady  gait,  espe- 
cially noticeable  in  the  hind  legs.  This  condition  continued  until  9 :  30 
p.  m.   At  8  o'clock  next  morning  it  was  still  weak  and  looked  very  thin. 


Figure  9.    Deatb  Camas  PolBonlng.  Figure  10.    Deatb  Camas  Poisoning. 

This  ealf  shows  slobbering  after  This  calf  shows  a  common  symp- 

eating  death  camas.    This  symptom  torn — ^weakness  in  the  hind-legs, 
is  more  common  in  sheep  than  in 
cattle. 

It  ate  a  little  hay,  but  soon  quit;  the  bowels  were  quite  loose.  At 
8  a.  m.  on  April  22,  it  appeared  to  have  recovered ;  but  was  still  thin 
and  a  little  dull. 

Case  5.  A  calf  weighing  193  pounds  was  fed  two  pounds  of  death 
camas  leaves  at  9 :  30  a.  m.  At  10  a.  m.  it  began  to  slobber,  the  respira- 
tion then  being  56  per  minute.  It  vomited  between  noon  and  1  p.  m. 
At  3  p.  m.  it  was  still  dull,  and  walked  with  an  unsteady  gait  when 
made  to  get  up.    Next  morning  it  appeared  to  have  fully  recovered. 

Meadow  I>eath  Camas,  Feeding  Tests  witb  Cattle. 

Owing  to  the  scarcity  of  material,  few  tests  were  made  with  this 
species.    The  five  feedings  made  are  summarized  in  Table  VI. 

TABLE  VI 
Meadow  Death  Camas  (Z.  venenosua).    The  Gbeen  Leaves  Fed  to  Cattle. 


Anlma] 
No. 

Weight 
lb*. 

Date  fed 

Time  fed 

Amount 
fed.  lbs. 

Time  symptoms     Time  of  death 
appeared            or  recovery 

Final  result 

8 

• 

1 

10 

8 

220 
286 
1S8 
830 
820 

6-11-19 
6-11-19 
6-11-19 
6-11-19 
6-12-19 

2:00  p.m. 
2:80  p.m. 
11:46  a.m. 
2:40  p.m. 
8:46  a.m. 

! 

....  Negative 

....  Neirative 

12:46  p.m. 

2:40  p.m. 

Recovery 

....  Neirative 

l.-OO  p.  m. 

6-13-8:00  a.  m. 

Recovery 
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Summary  of  Besults  of  Feeding  Death  Camas  to  Cattle. 

Table  VII  shows  graphically  the  effect  of  various  amounts  of  death 
camas  when  fed  to  cattle  in  experimental  tests. 

TABLE  VII 

Death  Camas  (Z.  paniculatus  and  Z.  venenosua).    SuMiiAUT  of  Symptoms, 

Feeding  Experiments  with  Cattle. 


Species  fed 

Zygadenus  panicolatiu 

ZyffadeDiisTeiienofliis 

Doee 

k 
2 

1 

S 
2 

1 
2 

i 
5 
2 

1 
2 
2 
2 
2 

I 

1 

11 

1 

1       1       ' 
i      i  ■    1  '    U 

Namberfed 

1     1 

111       1 

1 

.... 

1 

Slobberinff 

1 

Resursitatinff 

— 

::::,  i 

— 

I 

dumT!!:!:.:. :.:: :..::.. 

— 

UnatfAdyffait    ,    , 

1 

Reluctant  to  rise . 

ResDiratk>n  raoid..  . 

1 

""■  ( 

StambHiur  on  hind  less 

i 

Unsteady  on  hind  less 

.... 

Fall,  and  hardly  able  to  set  ap_.  ........ 

Grinding  teeth 

1 

Wmk 

.... 

1 

1 

Conditloiis  Under  WUcli  Death  Camas  Poisoning  Is  Most  Likely  to  Occnr. 

As  has  been  stated,  death  camas  contains  a  bitter  substance  extremely 
distasteful  to  both  sheep  and  cattle.  Consequently  the  plant  is  eaten  by 
these  animals  only  under  stress  of  extreme  hunger  or  prolonged 
starvation. 

Most  of  the  cases  of  death  camas  poisoning  have  occurred  early  in 
the  spring.  This  is  a  time  of  year  when  all  palatable  vegetation  is 
scarce,  and  range  animals  are  often  poor  and  hungry,  depending  of 
course  upon  the  way  in  which  they  have  been  handled  during  the 
winter.  Under  these  conditions,  on  a  range  supporting  very  little 
palatable  vegetation,  hungry  animals  will  eat  almost  any  plant  in  order 
to  satisfy  their  hunger.  This  is  well  illustrated  by  a  loss  of  cattle  which 
took  place  in  Elko  County. 

A  herd  of  cattle  were  being  trailed  through  sagebrush  country  where 
the  grass  and  weeds  were  just  beginning  to  grow,  but  where  a  consid- 
erable number  of  death  camas  plants  had  already  made  their  appear- 
ance. The  cattle  were  thin  and  hungry,  and  at  every  opportunity  they 
bit  off  the  death  camas  plants.  A  rather  large  number  of  cattle  died 
as  a  result  of  this  drive.  Some  of  the  poisoned  animals  that  were  left 
behind  recovered ;  those  that  were  driven  hard  in  most  cases  died  on  the 
trail. 

In  regard  to  cattle,  then,  it  may  be  said  that  the  following  are  the 
range  conditions  under  which  death  camas  poisoning  is  most  likely  to 
occur:  (1)  When  hungry  stock  are  unloaded  from  the  cars  in  spring 
and  turned  out  on  a  depleted  range  where  death  camas  is  common,  and 
there  is  very  little  grass;  (2)  When  cattle  are  trailed  from  one  range 
to  another  in  the  spring  when  aU  palatable  feed  is  scarce;  (3)  When 
hungry  animals  in  poor  condition  are  turned  out  to  rustle  for  them- 
selves in  the  early  spring  before  the  grass  is  up,  so  that  they  are  forced 
to  graze  any  and  all  plants  in  order  to  satisfy  their  hunger. 

When  sheep  are  grazing  openly  and  quietly  on  a  range,  they  show 
great  care  in  the  selection  of  the  forage  they  eat.  However,  when  they 
are  being  trailed  from  one  place  to  another,  they  have  no  chance  to 
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choose  what  they  will  eat,  with  the  result  that  they  eat  anything  that  is 
not  absolutely  repellant.  If  death  camas  is  common,  and  it  usually  is, 
they  eat  so  much  of  it  that  they  get  more  of  the  poison  than  they  can 
throw  oflF.  They  are  constantly  forced  to  move  along  on  the  trail  by 
dogs  and  herders,  and  death  naturally  follows. 


Figure  11.  Thin  and  Hungry  OatUe  on  Poor  Pasture.  Early  in  the 
spring  animals  in  this  condition  are  ravenous  for  green  feed.  They 
will  then  eat  death  eamas  or  other  poisonous  plants  which  ordinarily 
they  would  not  touch. 


Figure  12.     Cattle  on  Good  Mountain  Pasture.   Well-fed  animals  on  good 
range  will  ordinarily  avoid  poisonous  plants  almost  wholly. 

It  should  always  be  remembered  that  when  a  sheep  is  hungry  it 
usually  eats  greedily  the  plant  on  which  it  is  feeding,  or  else  rushes 
to  another  plant  for  fear  some  other  sheep  will  get  there  before  it  does. 
But  when  idieep  are  grazing  openly  and  quietly,  they  nip  oflf  only  the 
tender  and  juicy  parts  of  the  plant,  the  leaves  and  young  stems,  and 
carefully  select  the  plants  on  which  they  feed. 
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How  to  Avoid  Death  Camas  Poisoning  in  Sheep  and  Cattle. 

Evidently  in  order  to  avoid  losses  on  a  range  where  death  camas  is 
common,  sheep  should  be  so  handled  that  they  are  never  bunched  up  nor 
extremely  hungry.  If  they  are  to  be  driven  from  one  range  to  another, 
it  is  best  to  allow  them  to  graze  for  an  hour  or  two  in  the  morning  just 
as  openly  and  quietly  as  possible  before  starting  to  move  them.  This 
will  allow  all  the  animals  to  fill  with  good  forage  and  they  will  then  use 
greater  care  in  the  selection  of  their  food  for  the  remainder  of  the  day. 
This  would  not  be  the  case  if  they  were  started  on  the  trail  immediately 
after  leaving  the  bed-ground. 


Figure  13.  Sheep  Grazing  at  Wm  on  Sagebrush  Bange.  When  allowed 
to  feed  quietly  in  scattered  formation,  sheep  will  ordinarily  wholly 
avoid  death  camas  and  many  other  poisonous  plants. 

Another  very  important  point  is  to  get  the  sheep  oflE  the  bed-ground 
just  as  early  in  the  morning  as  possible.  When  a  sheep  beds  down  at 
night  it  is  usually  full  and  contented.  By  morning  it  is  beginning  to 
get  rather  empty,  and  the  longer  it  is  kept  on  the  bed-ground  the 
hungrier  it  becomes ;  it  is  then  far  more  apt  to  be  poisoned  when  it  gets 
out  on  the  range  where  the  death  camas  is  common. 

In  most  of  the  cases  of  death  camas  poisoning  thus  far  observed,  the 
animals  were  poisoned  during  the  forenoon.  This  is  due  to  the  fact  the 
attractiveness  of  the  plant  decreases  as  the  stomach  becomes  full.  Thus 
plants  which  may  seem  to  be  highly  palatable  and  to  be  relished  during 
the  morning  hours  are  often  not  touched  at  all  later  in  the  day.  This 
is  quite  true  of  the  death  camas.  It  is  grazed  chiefly  during  the  early 
morning  hours,  and  is  seldom  touched  by  an  animal  whose  stomach 
is  nearly  full.  Therefore  it  is  highly  important  that  the  sheep  should 
be  so  handled  during  the  early  morning  hours  that  they  will  have  the 
greatest  freedom  in  the  selection  of  their  range  forage;  if  possible, 
during  this  part  of  the  morning  they  should  be  grazed  on  range  free 
from  death  camas,  or  where  it  has  only  a  very  scattering  growth. 
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In  Nevada  the  prevailing  method  of  handling  sheep,  especially  in  the 
spring  of  the  year,  is  to  establish  a  main  camp  from  which  the  sheep 
are  grazed  daily  until  all  the  feed  in  the  immediate  vicinity  of  the 
camp  has  been  eaten  out  to  a  distance  of  two  or  three  miles  in  every 
direction.  This  requires  long  daily  drives  back  and  forth  in  order  to 
get  away  from  range  that  has  already  been  grazed.  Thus  the  sheep  trail 
over  the  same  ground  each  day,  until  all  the  forage  on  the  r^ge  around 
the  bed-ground  has  been  completely  eaten  off. 

This  method  of  handling  can  only  result  in  all  the  plants  being  eaten, 
whether  poisonous  or  not ;  for  the  most  attractive  ones  are  first  grazed, 
and  when  these  are  gone  the  less  palatable  ones  are  left  to  be  eaten, 
including,  of  course,  the  death  eamas. 

In  order  to  avoid  the  losses  which  result  from  such  improper  methods 
of  handling  sheep,  they  should  be  allowed  to  bed  down  wherever  they 
happen  to  be  when  night  comes.  They  will  then  always  be  on  fredi 
f e^  in  the  morning.  The  variety  of  forage  from  which  to  choose  will 
be  much  greater;  and  the  probability  of  poisoning  will  be  far  less; 
providing,  of  course,  that  the  animals  are  gotten  off  the  bed-ground  * 
early  in  the  morning  and  are  allowed  to  spread  out  and  graze  openly 
and  quietly,  each  ewe  with  her  lamb.  Close-bunched  grazing,  running, 
trailing,  and  massing  should  be  avoided ;  not  only  to  reduce  losses  from 
poisonous  plants,  but  also  for  the  good  of  the  ewe  and  her  lamb,  and 
for  the  most  full  and  effective  use  of  the  range  forage. 

Bemedies  for  DMfh  Oamas  Poisoning. 

For  animals  poisoned  by  death  camas  there  is  known  at  present  no 
practical  remedy.  The  best  treatment  is  to  let  the  poisoned  animals 
entirely  alone,  disturbing  them  only  when  it  is  absolutely  necessary. 
After  an  animal  has  been  poisoned  it  is  very  much  weakened  and 
should  be  given  all  the  care  that  is  practicable  on  the  range.  If  it  can 
be  kept  on  good  feed  and  driven  just  as  little  as  possible  for  the  first 
two  or  three  days,  it  will  often  recover  rapidly. 
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SECTION   II 

The  material  included  in  this  section  is  of  greater  interest  to  chemists 
and  veterinarians  than  to  livestock  owners. 
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POST-MOBTEM  COin)ITIONS 

Autopsies  upon  six  sheep  whose  death  was  caused  by  death  camas  in 
feeding  exi)eriments  showed  the  following  post-mortem  conditions : 

There  appeared  to  be  no  outistanding  lesions  which  would  serve  to 
indicate  a  characteristic  effect  due  to  poisoning  by  this  plant.  On  the 
whole,  the  lesions  shown  were  those  of  a  general  toxemia.  The  condi- 
tions were  such  as  are  found  more  or  less  uniformly,  with  individual 
variations,  after  death  caused  by  the  ingestion  of  various  toxic  or  semi- 
toxic  plants. 

Various  degrees  of  congestion  in  the  gastro-intestinal  tract  and  in 
its  lymphatic  system  appeared  to  be  prominent  symptoms.  In  some 
instances  the  same  condition  was  also  found  in  the  kidney,  spleen,  and 
liver.  The  lungs  appeared  to  show  no  change.  In  some  cases  the  heart 
displayed  small  hemorrhages  beneath  the  epicardium  and  endocardium, 
chMWJteristic  of  toxemia.  Considerable  quantities  of  free  fluid  were 
observed  in  the  thoracic  and  abdominal  cavities. 

THE  ACTIVE  PBINOIFLE  OF  DEATH  OAMAS 

It  has  long  been  known  that  alkaloids  are  partially,  if  not  wholly, 
responsible  for  the  poisonous  properties  of  the  death  camas.  Different 
investigators  have  studied  various  species  of  Zygadenus,  and  the  lack 
of  uniformity  in  the  results  obtained  is  not  surprising.  In  the  bulk  of 
the  work  reported  it  is  stated  that  alkaloids  have  either  been  isolated 
or  detected;  a  single  worker  found  resins  in  the  plant  which  had 
poisonous  properties.  Later  attempts  to  verify  these  findings  in  closely 
related  species  resulted  in  failure. 

Two  physiologically  active  resins  were  found  by  Vejux-Tyrode  in 
1904  in  the  bulbs  of  Zygadenus  venenosus  from  Montana.  From  one  of 
the  resins  he  isolated  a  basic  body  which  he  designated  zygadinein  and 
an  acid — ^zygadenic  acid.  In  animal  experiments  he  found  the  zyga- 
dinein to  be  the  active  principle.  When  given  in  minute  doses  to 
guinea  pigs,  rabbits,  and  dogs  it  produced  salivation,  staggering  and 
respiratory  paralysis  followed  by  death,  in  some  cases  in  a  few  minutes 
but  usually  within  a  few  hours.  In  1913  the  chemists  of  the  Wyoming 
Station,  P.  W.  Heyl  and  F.  E.  Hepner,  investigated  Zygadenus  inter- 
medius  for  similar  toxic  resins,  but  were  unable  to  isolate  any  toxic 
substance  from  the  resin  or  even  to  establish  the  toxicity  of  the  resin 
itself. 

The  work  of  early  investigators  consisted  of  color  tests  made  upon 
impure  products  and  led  to  conclusions  that  the  alkaloids  in  the  species 
tested  belonged  to  the  veratrine  group. 

In  1903  George  Heyl  obtained  an  alkaloid  from  a  California  species 
of  Zygadenus.  The  alkaloid  found  amounted  to  0.4%.  It  was  soluble 
in  ether  and  nearly  insoluble  in  water.  Its  melting  point  was  134-135°. 
It  formed  a  crystalline  hydrochlorid. 

Alkalodial  analyses  of  Zygadenus  intermedius  were  made  in  Wyo- 
ming in  an  endeavor  to  determine  the  quantity  of  alkaloidal  material 
present  in  the  different  parts  of  the  plant.  On  account  of  the  lack  of 
suitable  methods  for  the  determination,  the  results  are  probably  not  so 
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accurate  as  might  be  desired  and  show  only  a  fair  degree  of  uniformity. 
Figures  for  the  amounts  found  in  the  dried  leaf  varied  from  0.57% 
to  0.66%;  bulb,  0.188%  to  0.57%;  flower,  1.07%  to  1.35%;  root, 
0.306%  to  0.32%. 

A  quantity  of  material  was  prepared  and  submitted  to  Dr.  Phillip 
Mitchell  and  Mr.  Geo.  Smith  for  toxicological  experiments.  The  mate- 
rial used  in  these  experiments  was  not  the  more  highly  purified  crystal- 
lized alkaloid  which  was  reported  on  later.  It  was  found  that  when 
injected  intraperitoneally  a  quantity  between  4.6  mg.  and  5.1  mg.  would 
produce  death  in  a  guinea  pig.  When  administered  by  mouth  a  com- 
paratively large  quantity  was  required  for  fatal  effects  in  the  guinea 
pig.  The  larger  amount  necessary  was  partially  accounted  for  by 
the  fact  that  the  material  caused  vomiting.  In  the  guinea  pig  the 
effects  of  the  material  appeared  to  be  the  same  after  subcutaneous  or 
intraperitoneal  injection  or  after  feeding. 

The  mixed  alkaloids  cause  vaso-dilatation  and  apparently  affect  the 
cardio-inhibitory  center,  slowing  the  heart  action.  Respiration  was 
slowed.  After  doses  approaching  the  fatal  quantity  the  heart-beat 
becomes  rapid  and  irregular  and  there  is  convulsive  respiration.  In 
dogs  the  fatal  dose  given  intravenously  stopped  the  heart  before 
respiration  ceased.  When  either  injected  or  fed,  it  had  a  powerful 
action  both  as  a  purgative  and  an  emetic. 

Later,  in  the  Wyoming  experiments,  a  more  highly  purified  alkaloid 
was  obtained  which  could  be  crystallized  from  alcohol  and  benzene. 
The  crystalline  material  from  benzene  melted  at  200-210°  and  was 
found  to  have  the  formula  CsaH^aNOio.  The  physiological  action  was 
tested  by  Dr.  Phillip  Mitchell,  who  reported  its  effects  to  be  different 
from  those  found  for  the  mixed  alkaloids.  Its  behavior  was  in  general 
much  like  the  alkaloid  veratrine  and  it  required  comparatively  large 
quantities  to  kill  guinea  pigs.  Unlike  the  mixed  alkaloids  it  had  no 
noteworthy  effect  on  the  heart  and  apparently  caused  complete  loss 
of  muscular  control. 

In  1918  Dr.  C.  A.  Jacobson  of  the  Nevada  Station  reported  obtaining 
a  new  alkaloidal  product  from  Zygadenus  paniculatus.  This  alkaloidal 
product  was  designated  by  him  as  "Z-alkaloid."  The  crude  alkaloid  was 
prepared  by  extracting  the  ground  and  dried  plant  with  95%  alcohol, 
concentrating  the  extract  to  a  sirup  and  pouring  into  a  dilute  soluti<Mi 
of  tartaric  acid  to  remove  resins  and  other  impurities.  The  clear  acid 
solution  was  further  purified  by  extraction  with  ether ;  and  the  crude 
alkaloid  was  precipitated  by  the  addition  of  sodium  carbonate.  The 
precipitate  was  an  amorphous  sticky  mass  poisonous  to  rabbits.  The 
liquid  containing  the  precipitated  solid  matter  was  extracted  with 
ether.  It  was  found  that  if  the  ether  was  completely  removed  on  the 
water  bath,  the  material  would  then  undergo  violent  effervescence  and 
the  resulting  product  would  no  longer  be  poisonous.  If,  however,  the 
last  of  the  ether  was  allowed  to  evaporate  in  the  air  at  ordinary  tem- 
peratures no  effervescence  took  place  and  the  resulting  material 
retained  its  potency.  Further  purification  was  effected  by  re-solution 
in  tartaric  acid,  removal  of  impurities  with  ether,  neutralization  and 
extraction  with  ether  and  chloroform. 

The  more  purified  Z-alkaloid  had  an  increased  toxicity,  about  0.35 
gram  being  found  to  be  lethal  for  rabbits  when  administered  by  mouth. 
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The  Z-alkaloid,  which  constituted  about  0.3%  of  the  dried  plant,  was 
soluble  in  ethyl  and  methyl  alcohol,  chloroform,  acetone,  and  less  so  in 
benzene  and  carbon  tetrachlorid.  On  standing  several  months,  it 
resinified  to  a  white  substance  without  change  in  its  toxicity  or  solu- 
bility. On  long  standing,  an  alcohol-insoluble  crystalline  material 
separated  to  the  extent  of  about  1%  of  the  original  mass,  but  on  account 
of  the  small  quantity  obtained  its  physiological  action  could  not  be 
determined.  Various  compounds  of  the  Z-alkaloid  were  prepared ;  and 
from  the  data  obtained  it  appeared  that  it  is  not  the  same  as  the  com- 
pound named  Zygadinein  which  was  obtained  at  the  Wyoming  station. 
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INTRODUCTORY   NOTE 


The  purpose  of  this  bulletin  is  to  make  a  report  to  the  farmers  and 
stockmen  of  Nevada  upon  the  progress  of  a  study  of  horse-flies  which 
are  injurious  to  cattle  at  various  points  in  this  State. 

Each  Experiment  Station  bulletin  is  written  for  a  certain  class  of 
readers;  this  one  is  written  for  use  by  stockmen  and  farmers,  and 
therefore  does  not  contain  technical  descriptions  of  the  insects  under 
discussion  nor  other  similar  matter  which  would  be  of  interest  and 
value  only  to  scientific  students  of  insect  life. 

Those  who  desire  more  complete  or  more  technical  information  con- 
cerning these  insects  will  find  it  in  a  paper  which  will  soon  be  pub- 
liAed  by  the  Bureau  of  Entomology  of  the  United  States  Department 
of  Agriculture.  The  field  work  was  done  by  J.  L.  Webb  and  R.  W. 
Wells,  under  the  immediate  direction  of  F.  C.  Bishopp  of  the  Bureau, 
with  the  assistance  of  students  detailed  from  the  University  for  sum- 
mer work  upon  the  project  and  with  the  cooperation  of  the  writer. 

S.  B.  DOTEN. 
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SUMMARY 


1.  On  certain  ranches  in  Nevada  and  eastern  California,  horse-flies 

cause  great  annoyance  to  cattle. 

2.  All  through  the  warmer  part  of  the  day  the  cattle  bunch  together 

and  do  not  feed,  but  spend  hours  in  fighting  flies. 

3.  The  annoyance  of  the  stock  is  increased  by  the  presence  of  the  horn- 

fly  and  the  common  stable-fly. 

4.  In  midsummer  the  cattle  in  such  locations  do  not  put  on  flesh,  even 

on  rich  pasturage ;  and  they  may  lose  weight. 

5.  A  number  of  different  kinds  of  horse-flies  share  in  causing  this 

trouble;  but  the  worst  offender  is  the  Western  Green-Head 
Horse-Fly  {Tabanus  pJuenops), 

6.  This  fly  lays  its  eggs  low  down  in  short  grass  over  wet  and  swampy 

meadows.  The  maggots  grow  to  maturity  in  the  soft  mud  and 
decaying  grass  and  leaves,  ranging  through  the  mud  to  attack 
and  feed  upon  other  insects  and  earthworms. 

7.  In  well-drained  ground  they  cannot  move  about  and  find  their  food. 

8.  Although  the  flies  are  often  abundant  about  horses  and  cattle  over 

alfalfa,  the  maggots  do  not  develop  in  alfalfa  fields. 

9.  At  present  the  only  hope  of  control  lies  in  the  drainage  of  wet 

grass-hay  meadows,  followed  by  the  planting  of  alfalfa. 
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HORSE-FLIES    AND   CATTLE 


HISTOBY  OF  THE  PBOJECT 

For  several  years  past  complaints  have  been  received  from  time  to 
time  at  the  University  concerning  annoyance  and  injury  to  cattle  due 
to  horse-flies.  Most  of  the  complaints  have  come  from  western  Nevada ; 
though  similar  statements  have  been  received  from  certain  livestock 
owners  in  the  eastern  part  of  the  State. 

According  to  these  complaints  the  injury  is  of  the  following  type: 
The  cattle  are  so  excessively  annoyed  by  the  presence  of  the  insects 
around  them  and  by  their  painful  bites  that  they  bunch  together  and 
cease  to  feed  early  in  the  day  and  spend  hours  in  fighting  flies  instead 
of  in  feeding  or  resting.  On  fair  warm  days  when  there  is  little  or 
no  wind  the  cattle  may  cease  to  feed  by  9  o'clock  and  may  remain 
bunched  up  as  late  as  5  in  the  afternoon.  In  fact,  it  is  stated  that 
during  the  height  of  the  summer  the  cattle  on  certain  ranches  are  so 
pestered  by  these  and  other  flies  that  they  make  no  gains  on  the  best 
of  pasturage,  and  may  even  fall  off  in  flesh. 

The  Agricultural  Experiment  Station  of  the  University  was  asked  to 
make  a  study  of  the  horse-flies  which  cause  this  trouble  and  to  find  out 
where  they  breed  and  whether  anything  can  be  done  to  diminish  their 
abundance.  The  problem  was  therefore  made  a  project  for  study  in 
the  Station ;  and  field  work  upon  it  was  begun  in  August,  1916,  and 
was  continued,  except  in  the  winter,  until  October,  1919. 

Because  comparatively  little  was  known  of  the  early  stages  of  the 
American  horse-flies,  this  project  promised  to  be  of  value  to  agriculture 
in  other  portions  of  the  United  States.  The  Bureau  of  Entomology  of 
the  United  States  Department  of  Agriculture  therefore  took  a  strong 
interest  in  the  work ;  and  through  the  kindness  of  Dr.  L.  0.  Howard, 
Chief  of  that  Bureau,  the  horse-fly  problem  was  made  a  joint  project 
of  the  Bureau  of  Entomology  and  the  Nevada  Agricultural  Experiment 
Station. 

In  August,  1916,  Messrs.  F.  C.  Bishopp  and  J.  L.  Webb  of  the  Bureau 
of  Entomology  visited  several  points  in  Nevada  and  adjacent  parts  of 
California  to  select  the  most  desirable  location  for  the  study  of  the 
problem.  After  examining  a  number  of  horse-fly-infested  regions  they 
decided  that  the  best  opportunity  for  study  would  be  found  at  Topaz, 
Calif.,  the  business  center  of  Antelope  Valley,  a  valley  which  is  situ- 
ated partly  in  both  California  and  Nevada.  With  postoflSce,  general 
store,  and  hotel  accommodations  at  hand,  this  location  is  in  tlie  midst 
of  a  heavily  infested  region.  The  fields  and  pastures  where  the  cattle 
are  annoyed  lie  all  around  the  settlement,  the  breeding-places  of  the 
flies  are  near  at  hand ;  and  there  is  an  excellent  opportunity  for  the 
study  of  the  insects. 

Mr.  Webb  spent  the  remainder  of  the  summer  of  1916  from  late  in 
August  to  the  end  of  October  in  a  preliminary  survey  of  the  breeding- 
places  of  the  flies  and  in  observing  their  habits  and  getting  information 
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Figure  1.    Insectary  at  Topaz,  Calif. 
This  insectary  was  constructed  by  the  Nevada  Experiment  Station  for 
the  study  of  insects  injurious  to  live  stock. 


Figure  2.    A  Comer  in  the  Topas  Insectary. 

The  openings  are  covered  with  wire  screen.    The  conditions  in  the  inaectary 

are  much  the  same  as  those  out  of  doors.    Photograph  by  J.  L.  Webb. 
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concerning  their  local  distribution  and  the  degree  of  annoyance  and 
injury  which  they  cause. 

In  May,  1917,  an  insectary  was  constructed  at  Topaz,  the  structure 
being  made  large  enough  to  provide  a  room  for  the  study  of  animal 
diseases.    Until  October,  1919,  the  flies  were  continuously  under  study. 

Mr.  Webb  was  in  charge  of  the  insectary  at  Topaz  and  carried  on  the 
field  studies  at  that  point  from  August,  1916,  through  September,  1918, 
after  which  he  received  a  promotion  in  the  Bureau.  This  led  to  the 
appointment  of  R.  W.  Wells,  who  carried  on  the  studies  up  to  the  time 
when  the  field  work  was  terminated. 

The  entire  cost  of  the  project  was  paid  from  federal  funds  of  the 
Bureau  of  Entomology  and  the  Experiment  Station ;  the  Bureau  fur- 
nishing men  and  some  materials,  the  Station  supplying  the  insectary, 
paying  for  supplies  and  subsistence  of  men  in  the  field  and  furnishing 
student  assistants  every  summer  from  the  University  of  Nevada. 

THE  INSECTS  WHICH  CAUSE  THE  TBOXJBLE 
Shortly  after  beginning  work  at  Topaz,  Mr.  Webb  found  that  the 
annoyance  and  injury  to  cattle  are  due  to  the  combined  efforts  of  a  con- 
siderable number  of  different  flies.  At  least  five  horse-flies  were 
observed  to  feed  upon  the  cattle ;  the  common  horn-fiy  (Ilcematohia  irri- 
tans),  and  the  stable-fly  (Siomoxys  calcitrans)  were  also  present  and 
at  times  proved  annoying.  A  brief  description  of  the  appearance  and 
habits  of  these  flies  will  help  to  make  the  matter  clearer. 

Thm  Horn-Fly  {HtBrnatobia  irritans). 

This  common  pest  of  cattle  is  a  small  active  insect,  a  two- winged  fly 
about  half  the  size  of  the  common  house-fly  and  of  much  the  same  shape 
and  color.  It  has  the  habit  of  clustering  in  great  numbers  about  the 
bases  of  the  horns  of  cattle.  It  feeds  upon  blood  sucked  from  punctures 
in  the  skin  of  the  flanks,  the  udder,  or  elsewhere  on  the  animal.  In 
scMne  parts  of  America  the  horn-fly  is  so  abundant  that  its  annoyance 
to  dairy  cattle  is  a  serious  matter,  for  it  causes  a  decrease  in  the  flow 
of  milk.  This  fly  lays  its  eggs  in  fresh  cow-dung  in  which  the  maggots 
feed  and  grow  to  maturity. 


TlM  0iat»U  Fly  (Stomoxys  calcitrant). 

This  is  a  small  gray  two-winged  fly  common  about  stables.  It  looks 
mueli  like  the  house-fly,  but  is  a  little  larger.  In  parts  of  western 
Nevada  it  is  common  around  stables  and  contributes  to  the  annoyance 
canaed  by  flies  to  animals  grazing  in  pastures. 


r-Fly  (Chrysops  «p.). 
These  insects  are  small  active  horse-flies  belonging  to  a  group  with 
bright  colors,  mottled  wings,  and  banded  eyes.  Small  as  they  are,  they 
can  bite  severely,  often  attacking  man.  One  will  alight  so  softly  on  the 
back  of  a  man's  hand,  particularly  when  he  is  fishing  for  trout,  that  it 
vnll  not  be  noticed  until  it  suddenly  inflicts  a  most  painful  bite.  The 
**  deer-flies"  lay  their  eggs  on  leaves  growing  near  muddy  sloughs,  and 
their  maggots  are  often  fairly  common  in  half-liquid  mud  near  tule 
r€X>ts  along  such  sloughs.  On  the  whole,  however,  while  they  annoy 
cattle  to  some  extent,  Qiey  are  far  less  important  than  the  larger  horse- 
flies. 
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The  Big  Black  Hone-Fly  (Tabanus  punctifer). 

This  insect  is  fairly  common  in  Nevada  and  is  found  throughout 
western  Nevada  and  adjacent  parts  of  California.  It  bites  severely; 
and  is  so  annoying  to  horses  that  one  or  two  of  them  buzzing  about  and 
biting  are  enough  to  set  a  nervous  animal  half  crazy.  On  the  whole, 
however,  this  insect  is  not  nearly  so  abundant  as  the  Western  Green- 
Head  horse-fly.  The  big  black  horse-fly  lays  its  eggs  on  willows,  tules, 
and  similar  vegetation  in  the  vicinity  of  pools  of  water.  The  maggots 
which  hatch  from  the  eggs  live  to  maturity  in  the  mud  along  the  edges 
of  such  pools.  Apparently,  natural  enemies  hold  this  species  in  check 
sufficiently  to  prevent  it  from  becoming  abundant  and  injurious. 

Tbe  Western  Green-Head  Horse-Fly  (Tabanus  phaniops). 

This  is  the  fly  which  seems  to  be  responsible  for  most  of  the  annoy- 
ance and  injury  to  horses  and  cattle  in  the  Topaz  region  and  in  other 
parts  of  Nevada  and  eastern  California  where  horse-flies  are  serious 

pests.    For  this  reason  any  abatement  of  the 

fly  nuisance  will  require  first  of  all  the  control 
of  this  insect.  This  species,  therefore,  was 
given  more  study  than  the  others,  its  life-his- 
tory was  carefully  worked  out  in  detail ;  and 
the  conditions  of  soil  and  water  favorable  to  its 
breeding  were  thoroughly  investigated. 

Because  of  the  fact  that  this  horse-fly  is  the 

only  one  of  the  group  which  causes  serious 

annoyance  and  injury,  the  life-histories  of  the 

others  are  not  given  in  this  bulletin.    They  will 

soon  be  published  in  a  bulletin  of  the  Bureau 

of  Entomology,  United  States  Department  of 

Agriculture,  where  further  and  fuller  details 

of  the  life-history  and  habits  of  the  Western 

Figure  3.    The  Western       Qreen-Head  horse-fly  {Tabanus  phasnops)  wUl 

Green-HeadHorse-Fly,       ^jg^  y^^  tound.     The  following  description  of 

Magnified  (X  2).  Pho-      ^j^^  appearance  and  habits,  the  breeding-places, 

tograph  by  the  Bureau      ^^^  reproduction  of  this  horse-fly  will  show 

of  Entomology.  ^^^  nature  of  the  problem  of  its  control,  and 

will  point  out  the  conditions  under  which  it  will  be  possible  to  diminish 

its  numbers. 

Habits.  As  in  the  case  of  other  horse-flies,  only  the  females  of  this 
species  have  the  blood-sucking  habit.  The  male  is  inoffensive  and  is 
seldom  seen.  It  probably  feeds  upon  the  sweet  nectar  of  flowers,  for 
it  is  unable  to  bite  through  the  hide  of  an  animal.  The  mouth  parts 
of  the  female,  however,  are  expressly  adapted  to  such  purpose  and 
readily  pierce  the  hide  and  enable  the  fly  to  gorge  itself  upon  the  blood 
of  either  horses  or  cattle.  The  bite  is  not  poisonous,  the  actual  loss  of 
blood  is  not  very  important ;  but  the  pain  and  annoyance  are  so  great 
that  throughout  the  summer  on  rich  pasturage  cattle  fail  to  fatten  in 
fly-infested  regions,  or  even  fall  off  in  flesh. 

In  midsummer  in  the  colder  part  of  the  early  morning  for  several 
hours  after  sunrise,  these  flies  are  not  seen,  but  are  resting  in  grass  or 
alfalfa  where  they  have  spent  the  night.  When  the  sun  gets  a  little 
higher,  they  come  out  and  are  soon  on  the  wing,  flying  actively  and  for 
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long  distances  in  search  of  food.  During  strong  winds  they  do  not  fly 
much,  but  rest  in  willows  or  other  bushes  or  in  tall  grass,  resuming 
flight  and  feeding  when  the  wind  dies  down.  The  females  have  not 
been  observed  about  flowers  or  feeding  upon  their  nectar.  They  are 
frequently  seen  around  the  edges  of  pools  of  water,  resting  on  the  mud 
and  drinking. 

Appearance  of  the  Mature  Female  Fly.  The  fully  developed  female 
fly  is  of  medium  size,  about  five-eighths  of  an  inch  long,  in  contrast 
with  the  big  black  horse-fly,  the  larger 
specimens  of  which  are  fully  an  inch 
in  length.  As  with  other  horse-flies, 
the  head  is  broad  and  flat  and  the 
eyes  are  very  large.  The  general 
color  is  variable — in  some  cases  dark- 
brown  or  almost  black;  in  others  a 
medium  brown  or  even  gray.  The 
wings  are  somewhat  smol^r  in  color, 
the  outer  margin  being  brownish ;  on 
each  side  of  the  abdomen  there  is  an 
oblong  area  of  reddish  brown. 

The  Egg.  Very  great  difficulty  was 
experienced  in  finding  the  eggs  of  this 
horse  -  fly.  Those  of  the  big  black 
horse-fly  were  more  readily  found,  as 
the  eggs  are  laid  two  feet  or  more 
above  water,  and  are  fairly  conspicu- 
ous. The  Western  Green-Head  horse- 
fly, however,  deposits  its  eggs  low 
down  in  the  grass  of  swampy  mead- 
ows where  there  is  shallow  standing 
water.  To  find  the  egg  masses  in  such 
localities,  it  is  necessary  to  search 
carefully  plant  by  plant  and  leaf  by 
leaf.  To  examine  completely  even  a 
single  square  yard  of  sod  in  this  way 
requires  much  time  and  patience.  It 
is  impossible  in  a  single  day  to  go  over 
any  large  area.  Still,  in  spite  of  these 
difficulties,  Mr.  Webb  actually  suc- 
ceeded in  finding  a  number  of  egg  masses  in  open  meadows,  a 
which  sufficiently  vouches  for  his  patience  and  energy. 

Each  individual  egg  is  spindle-shaped,  tapering  toward  both  ends,  a 
little  more  than  one-sixteenth  of  an  inch  in  length  and  six  times  as  long 
as  broad.  The  eggs  are  pearly  white  when  first  laid ;  but  soon  become 
darker,  being  dark-gray  or  nearly  black  when  mature.  They  are  laid 
in  masses  low  down  on  blades  of  coarse  grass  or  dry  straw  in  wet  and 
swampy  meadows  within  three  or  four  inches  of  the  mud.  It  may  be 
that  this  situation  helps  to  protect  them  to  some  extent  against  attack 
by  other  insects.  The  eggs  are  laid  in  a  dense  wedge-shaped  mass  about 
one-third  of  an  inch  long.  In  each  such  mass  there  are  from  200  to 
400  eggs ;  evidently  nature  has  provided  liberally  for  the  perpetuation 
of  this  species. 


^^^^^^^HS^^i  • 
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Figure  4.  Eggs  of  the  Western 
Green -Head  Horse -Fly,  Higlily 
Magnified  (X  8). 
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The  Maggot,  In  six  or  seven  days  the  eggs  hatch,  all  at  the  same 
time,  and  the  maggots  drop  into  shallow  pools  of  stagnant  water  in  the 
wet  meadows.  As  they  grow  larger  they  burrow  in  the  mud  in  such 
places  and  frequently  are  found  near  the  surface  in  a  mixture  of  half- 
decayed  grass,  leaves,  and  mud. 

The  newly  hatched  maggot  is  pure  white  or  yellowish  in  color,  very 
slender,  tapering  and  pointed  at  both  ends,  about  one-sixteenth  of  an 
inch  long. 

The  full-grown  maggot  is  slender,  cylindrical,  about  an  inch  long, 
and  five  thirty-seconds  of  an  inch  wide.    The  color  is  greenish-brown. 


Figure  5.  Maggot  of  Western  Qreen-Head  Horse-Fly,  Highly  Magnified 
(X  4).  Living  specimen  photographed  while  fnUy  extended  in  crawl- 
ing. 

the  margins  of  the  segments  being  darker.  The  maggot  shuns  the 
light  and  its  whole  life  is  spent  in  soft  mud  and  water  where  it  finds 
food.  The  mouth  is  provided  with  two  strong  recurved  hooks  with 
which  it  pierces  the  skin  of  other  mud-inhabiting  insects  and  earth- 
worms, upon  which  it  feeds. 

After  it  hatches  from  the  egg  it  burrows  in  the  mud  through  the 
rest  of  the  summer  in  search  of  food,  spending  the  following  winter 


Figure  6.    Pupa  of  Western  Qreen-Head  Horse-Fly,  Highly  Magnified  (X6). 
In  this  resting-stage  the  insect  is  transformed  from  a  maggot  to  a  fly. 

in  the  same  situation.  Throughout  the  warmer  portion  of  the  following 
spring  and  the  early  part  of  the  succeeding  summer  it  burrows  through 
the  mud  in  search  of  prey. 

Apparently,  if  the  mud  were  to  become  drier  it  would  prevent  the 
maggot  of  this  horse-fly  from  moving  about  freely  and  feeding.  Still 
it  can  live  for  many  weeks  without  food,  or  with  very  little  food;  and 
the  mud  in  which  it  lives  may  become  entirely  dried  out  to  the  cracking- 
point  without  causing  the  death  of  the  maggot.    In  the  fields  none  of 
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the  maggots  have  been  found  in  well-drained  soil,  simply  because  in 
such  soil  they  cannot  make  their  way  about  in  search  of  food. 

The  Pupa.  There  is  a  vast  difference  in  appearance  and  organiza- 
tion between  the  maggot  and  the  horse-fly,  almost  as  great  a  difference 
as  that  between  a  caterpillar  and  a  butterfly.  Following  the  maggot 
stage  of  growth  there  is  a  resting  stage  in  which  there  occurs  a  trans- 
formation from  a  worm-like,  mud-inhabiting  creature  to  a  winged 
insect  which  would  perish  as  soon  in  the  mud  as  the  maggot  would 
in  the  air.  This  resting-stage  is  called  the  pupa.  The  accompanying 
figure  shows  its  appearance  better  than  can  any  popular  description. 

The  pupa  is  must  like  the  chrysalis  of  a  butterfly;  for  there  are 
chambers  or  cases  in  which  wings  and  legs  are  formed,  and  a  jointed 
worm-like  body  which  encloses  the  abdomen  of  the  future  fly.  The 
pupa  is  about  five-eighths  of  an  inch  long  and  five  thirty-seconds  of 
an  inch  broad.    Its  general  color  is  dark-gray.     It  is  found  in  some- 


Fignre  7.    Horsas  Hooded  with  Burlap  to  Protect  Them  ftom  Horse- 
Plies.    Photograph  by  J.  L.  Webb,  at  Topaz,  Calif. 

what  drier  situations  than  those  inhabited  by  the  maggots;  perhaps 
because  in  the  moister  locations  it  might  readily  be  attacked  by  maggots 
of  the  same  species,  for  they  are  great  cannibals.  It  is,  in  fact,  very 
difSeult  to  raise  more  than  a  single  maggot  in  a  jar  of  wet  soil,  simply 
because  of  their  habit  of  eating  one  another. 

The  pupa  or  resting-stage  lasts  from  two  to  three  weeks  in  warm 
weather.  At  the  end  of  this  period  the  fly  comes  out  and  the  life-cycle 
is  completed.  The  sexes  then  mate  and  the  new  eggs  are  the  beginning 
of  the  succeeding  generation. 

Sommmry  of  Stages  of  Growth. 

First  of  all  the  female  lays  a  wedge-shaped  mass  of  e^o:.s  low  down 
on  a  grass-blade  over  swampy  ground.  The  e^gs  hatch  in  about  seven 
da3rs,  tiny  white  maggots  emerging.  These  maggots  drop  into  mud  or 
water,  burrow  down  in  the  mud,  prey  upon  other  forms  of  life  for  a 
year  or  more,  growing  steadily  meanwhile.  Then  they  change  to 
motionless  pupae  resembling  maggots  more  than  flies  and  remain  in 
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this  stage  for  about  two  or  three  weeks.    Then  the  skin  of  the  pupa 
splits  along  the  forward  end  of  the  back,  and  the  fly  comes  out. 

CONTROL  MEA8UBES 

The  whole  purpose  of  the  very  thorough  investigation  made  by 
Messrs.  Webb  and  Wells,  assisted  by  various  University  students  and 
the  writer,  was  to  gain  a  complete  knowledge  of  the  life-history  and 
habits  of  this  insect  in  order  to  discover  whether  at  some  stage  of  its 
growth  it  might  be  possible  to  do  something  to  prevent  its  furtJier 
development. 

In  recent  years  great  progress  has  been  made  in  the  control  of 
insects.  Mosquitos  are  now  controlled  locally  or  almost  exterminated 
by  coating  with  kerosene  the  pools  in  which  the  wrigglers  live.  Even 
the  alfalfa  weevil,  which  has  been  such  a  threat  to  western  agriculture, 
is  now  controlled  inexpensively  by  spraying  with  substances  contain- 
ing arsenic.  In  each  instance  a  knowledge  of  the  life-history  and  habits 
of  the  insect  has  made  it  possible  to  find  a  stage  of  growth  at  which  it 
may  profitably  be  attacked. 

Does  the  life-history  of  the  Western  Green-Head  horse-fly  indicate 
anything  of  the  kind  ?  Is  there  any  stage  of  its  growth  at  which  it 
may  be  attacked  successfully  ?  Nothing  in  the  habits  of  the  flies  them- 
selves gives  any  indication  of  a  method  by  which  they  may  be  con- 
trolled. At  present  there  seems  to  be  little  hope  of  trapping  them  in 
large  enough  numbers  and  cheaply  enough  to  diminish  the  supply. 
The  eggs  are  safely  hidden  in  the  grass  beyond  direct  attack. 

Apparently  in  the  whole  investigation  only  one  fact  stands  out  which 
gives  any  promise  of  bringing  about  a  decrease  in  the  number  of  these 
insects.  The  one  fact  which  seems  to  indicate  a  chance  for  control  is 
the  fact  that  in  ail  the  early  part  of  its  life,  when  the  Western  Green- 
Head  horse-fly  is  still  a  mud-inhabiting  maggot,  it  is  incapable  of 
making  its  way  to  its  food  unless  the  mud  is  soft  and  liquid  enough  to 
permit  the  maggot  to  move  about  readily  in  search  of  other  insects  and 
earthworms. 

The  drying  of  the  soil  does  not  kill  this  maggot  at  once ;  it  can  endure 
long  periods  of  drought  and  can  go  without  food  for  a  long  time.  StiD, 
if  the  soil  were  made  permanently  moist  and  well-drained,  instead  of 
wet  and  swampy,  then  the  feeding  conditions  would  no  longer  be 
suitable,  and  the  maggots  would  be  able  to  obtain  very  little  food. 
Probably  the  eggs  would  not  be  laid  by  the  parent  fly  over  such  soil 
nor  would  the  young  maggots  develop.  This  is  shown  very  clearly  by 
the  fact  that  in  the  localities  under  study  in  connection  with  this  proj- 
ect the  maggots  have  not  been  found  at  all  in  alfalfa  fields.  Such  fields 
and  the  ditches  supplying  them  with  water  were  searched  most 
thoroughly  for  weeks  without  result. 

The  flies  themselves  are  common  enough  in  alfalfa  fields,  especially 
where  there  are  cattle  and  horses  near  at  hand.  This  is  not  an  indica- 
tion that  the  flies  breed  in  the  alfalfa  fields,  but  merely  that  they  are 
strong  fliers  and  that  they  can  travel  long  distances  away  from  the  wet 
swampy  lands  in  which  the  maggots  have  developed. 

On  the  whole,  then,  the  entire  life-history  of  this  insect  makes  it  seem 
evident  that  only  the  drainage  and  reclamation  of  wet  meadow  lands 
and  the  substitution  of  alfalfa  for  the  inferior  growth  of  coarse  grass 
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which  such  lands  now  support  will  lead  to  any  marked  decrease  in  the 
abundance  of  the  Western  horse-flies.  Meanwhile,  a  good  deal  can  be 
accomplished  by  putting  in  a  system  of  ditches  which  will  drain 
swampy  places  and  do  away  with  sloughs. 

In  many  of  the  valleys  where  this  insect  is  troublesome  there  is  talk 
of  reclaiming  the  wet  hay  lands  by  ditching  and  drainage  and  by  the 
avoidance  of  overirrigation.    In  other  similar  valleys  where  all  the  land 


Figure  8.    Wet  Marshy  Meadow  Where  the  Eggs  of  the  Western  Qreen- 
Head  Horse^Fly  Are  Laid. 

had  been  brought  under  cultivation  and  has  been  put  into  grain,  alfalfa, 
and  potatoes,  horse-flies  are  scarce,  and  in  many  such  valleys  they  are 
even  hard  to  find,  being  seen  only  occasionally  or  at  least  only  in  small 
numbers. 

There  are  so  many  other  reasons  for  drying  out  the  wet  meadow 
lands  and  putting  them  into  good  hay  and  crops  that  the  avoidance  of 
horse-flies  is  only  an  incidental  matter  after  all,  and  is  merely  one 
more  reason  for  taking  a  desirable  course  of  action. 
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ONE  -  NIGHT    CAMPS    vs.  ESTABLISHED    BED  -  GROUNDS 


INTRODUCTION 

This  bulletin  reports  the  results  of  experiments  and  observations 
carried  on  through  two  summers  to  determine  whether  it  is  practical 
to  handle  sheep  on  Nevada  ranges  w^ithout  returning  each  night  to  an 
established  camp.  Figures  are  also  given  showing  the  effect  of  such  a 
system  of  handling  on  the  sheep  and  the  range,  in  comparison  with 
the  prevailing  method  of  returning  for  several  nights  in  succession  to 
the  same  camp-ground. 

The  usual  method  of  handling  sheep  on  the  sutnmer  grazing  ranges 
in  Nevada  is  to  drive  the  herd  back  each  night  to  the  same  camp  until 
all  the  forage  within  a  distance  of  one  to  three  miles  from  the  bed- 
ground  is  eaten  out.  A  new  camp  is  then  established.  Under  this 
system  of  handling  the  sheep  are  often  close-herded;  dogs  are  used 
more  than  is  good  for  either  the  sheep  or  the  range ;  the  range  forage 
is  cut  up  and  destroyed  by  the  hoofs ;  and  there  is  a  material  loss  of 
flesh  in  both  ewes  and  lambs. 

In  order  to  measure  this  loss  and  to  show  how  injury  to  the  range 
may  be  reduced,  a  study  of  the  two  methods  of  herding  was  made 
during  the  summers  of  1916  and  1917.  This  study  showed  that  under 
Nevada  conditions  the  ewes  come  off  the  range  in  better  flesh,  the 
lambs  make  greater  gains,  and  the  carrying  capacity  of  the  range  is 
increased,  simply  by  allowing  the  sheep  to  bed  down  wherever  they 
may  be  at  night  instead  of  driving  them  back  each  night  to  the  same 
bed-ground. 

Three  flocks  were  studied  under  each  system.  The  conditions, 
results,  and  conclusions  of  the  tests  are  given  below. 

THE  KIND  OF  BANOE  WHICH  WAS  STUDIED 

In  order  to  make  a  fair  comparison  of  the  two  systems,  we  had 
first  to  find  a  good  piece  of  range  which  was  very  much  the  same  all 
over,  and  make  our  trial  there.  The  grasses  and  plans  had  to  be  the 
same ;  and  they  had  to  be  about  as  thick  on  one  part  of  the  trial  range 
as  on  the  other.  The  country  had  to  be  about  the  same  on  one  part  of 
the  range  as  on  the  other,  with  about  the  same  amount  of  water  on 
both.  The  range  we  selected  was  an  open  grassy  region,  a  rolling 
countrj'  where  the  sheep  could  get  at  all  of  it  easily.  The  grass  was 
about  the  same  on  all  of  it,  and  the  kind  of  country  and  the  watering- 
places  were  very  much  alike.  It  was  an  ideal  range  on  which  to  try 
out  the  two  systems  of  camping. 

The  forage  was  made  up  mainly  of  grasses,  with  a  scattering  growth 
of  weeds  and  browse.  There  was  very  little  timber,  just  a  few  scattered 
patches  of  quaking-ask  which  were  used  by  the  sheep  to  good  advan- 
tage for  shade  during  the  heat  of  the  day.  On  an  average,  about  seven- 
tenths  of  the  surface  of  the  ground  was  occupied  by  a  growth  of 
plants  made  up  of  about  75Vr  grass,  20%  weeds,  and  5%  browse. 
About  I'/f  of  the  forage  was  not  utilized.  Because  the  range  was  so 
uniform,  any  differences  in  carrying  capacity  can  be  attributed  only 
to  the  methods  used  in  handling  the  sheep. 
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THE  BBEEDS  OF  SHEEP  WHICH  WEBB  UNDBB  OB8EBVATI0K 

The  ewes  in  the  bands  included  in  this  experiment  were  mainly  fine- 
wools,  with  a  good  many  showing  the  long-wool  characteristics  of  the 
Lincoln  and  Cotswolds,  or  the  typical  black  and  brown  faces  of  the 
Hampshires  and  Shropshires.  However,  the  foundation  blood  con- 
sisted mainly  of  Merinos  and  Rambouillets. 

THE  HEBDINa  QUALITIES  OF  THE  BBEEBS  WHICH  WEBE  STUBIED 

From  all  observations  made  during  the  two  seasons  it  appears  that 
on  the  whole  the  fine-wool  sheep  are  rather  more  easily  herded  and 
handled  than  the  coarse-wools  or  the  mutton  breeds. 

The  sheepmen  of  western  America  have  not  as  yet  developed  a  type 
of  sheep  fully  fitting  in  with  their  special  needs.  They  have  taken 
the  various  breeds  which  have  originated  from  the  individual  stan- 
dards of  the  breeders,  from  environment,  and  from  the  varying 
character  of  climate,  forage,  and  soil,  and  have  adapted  them  some- 
what to  meet  western  economic  conditions.  Because  of  thiis  inter- 
mingling of  breeds,  there  are  but  few  flocks  of  pure-bred  sheep  on 
our  western  ranges.  Consequently  the  wool  is  far  from  being  uniform, 
the  herding  qualities  vary  in  different  flocks,  the  lambs  produced  are 
decidedly  uneven  in  quality,  and  the  ability  to  stand  severe  winters 
varies  according  to  the  breed.  To  be  especially  adapted  to  western 
range  conditions,  sheep  must  have  the  ability  to  stand  severe  storms, 
with  little  or  no  protection,  and  to  maintain  themselves  on  scanty 
forage  during  periods  of  drought  and  starvation.  They  must  be  good 
shearers,  and  must  have  an  inbred  tendency  to  herd  well,  without 
unnecessary  trailing  and  straying. 

The  fine-wool  sheep  therefore  do  better  on  our  western  ranges  than 
most  of  the  other  breeds  because  the  environment  under  which  they 
were  developed  and  produced  gave  them  a  permanent  ability  to  sustain 
themselves  on  coarse  and  scanty  food. 

As  rustlers  they  are  entitled  to  first  place.  On  account  of  their 
active  rustling  habit,  they  are  better  adapted  than  other  breeds  to  the 
grazing  on  our  rough  and  broken  ranges  where  they  are  forced  to 
graze  over  a  large  area  each  day  in  order  to  get  their  food.  Moreover, 
the  sheep  on  our  Nevada  ranges  are  kept  to  an  average  age  of  seven 
or  eight  years,  and  the  fine-wool  breeds  will  hold  their  wool  better  at 
this  age  than  any  other  breed.  The  mutton  breeds  soon  become  light 
shearers,  the  wool  getting  especially  thin  over  the  stomachs.  Of  the 
breeds  under  observation,  the  fine-wools  utilized  the  range  most 
efficiently ;  and  their  lambs,  produced  by  crossing  blocky  mutton-bred 
sires,  were  the  most  promising  on  the  range. 

THE  SHEEPHEBDEBS 
The  herders  of  the  bands  under  observation  were  Basques.  In 
Nevada  practically  all  of  the  sheep  are  herded  by  Basques.  As  a  gen- 
eral rule,  after  they  are  given  the  proper  instructions,  they  are  very 
reliable  and  conscientious  shepherds.  The  herders  who  handled  the 
sheep  under  observation  all  showed  ability  and  considerable  energy, 
but  they  did  not  all  handle  their  flocks  in  the  same  manner.  This 
difference  in  handling  gave  an  excellent  opportunity  for  making  corn- 


Digitized  by 


Google 


Digitized  by 


Google 


parative  tests  of  range-carrying  capacity  and  of  the  average  daily 
gains  made  by  lambs  under  the  two  methods  of  camping. 

The  great  difference  in  the  camping  methods  used  by  the  various 
herders  was  that  a  few  changed  camp  daily  and  allowed  their  sheep  to 
graze  openly  and  quietly  all  the  time,  while  others  close-herded  their 
sheep  and  drove  them  back  each  night  to  the  same  bed-ground  until  all 
the  range  within  a  radius  of  two  or  three  miles  was  grazed  off  closely. 
Then  the  camp  would  be  moved  by  the  camp-tender  and  a  new  bed- 
ground  would  be  made  on  another  part  of  the  range.  A  comparison  of 
the  effects  of  the  two  systems  will  be  given  below. 

THE  ESTABLISHED  BEDaBOUND  SYSTEM 
^Vhen  sheep  are  handled  under  this  system  a  main  camp  ii  set  up 
and  the  herd  is  driven  back  to  it  each  night  and  bedded  down.  On 
this  bed-ground,  with  the  herder,  they  remain  all  night  without  atten- 
tion until  early  morning.  Then  they  become  restless,  because  their 
stomachs  are  empty  and  they  are  anxious  to  begin  feeding.  The  herder 
must  now  be  on  duty  to  drive  them  out  to  the  part  of  the  range  where 
he  wants  to  have  them  graze  during  the  day. 

ONE-NIQHT  CAMPS  OB  THE  BEDDIKQ-OUT  SYSTEM 

Under  the  system  just  described  the  sheep  return  to  the  same  bed- 
ground  for  several  nights ;  but  with  the  bedding-out  or  blanket  system 
of  grazing  they  bed  down  on  new  ground  each  night.  Occasionally  the 
camp  cannot  be  moved  because  of  wet  or  stormy  weather;  but  under 
Nevada  conditions  there  are  very  few  stormy  nights  during  the  sum- 
mer and  it  is  generally  easy  enough  to  make  a  new  camp  every  night. 

Under  this  system  of  one-night  camps  the  range  close  to  the  camp 
is  not  grazed  off  completely  and  injured  or  ruined,  but  is  left  in  good 
condition  to  be  grazed  again  at  a  later  date.  The  sheep  are  always  on 
fresh  feed,  and  this  allows  them  to  graze  during  the  cool  morning  and 
evening  hours  and  to  seek  the  shade  during  the  hot  part  of  the  day. 

In  the  morning  as  soon  as  the  sheep  leave  the  bed-ground,  they 
begin  to  spread  out ;  some  going  in  one  direction  and  some  in  another. 
Some  travel  fast  and  others  more  slowly.  In  a  short  time  if  they  are 
not  checked  they  will  have  spread  over  a  large  area,  and  instead  of 
being  in  a  compact  band,  as  they  w^ere  when  they  left  the  bed-ground, 
they  will  have  commenced  to  separate  into  smaller  bunches. 

As  soon  as  the  sheep  begin  to  scatter,  a  lazy  herder  or  one  who  pre- 
fers the  close-bunched  herding  system  will  begin  to  use  his  dogs  and 
will  soon  have  the  sheep  rounded  up  again  into  a  more  or  less  compact 
bunch.  Dogging,  running,  and  trailing  go  on  all  day  until  the  sheep 
have  been  driven  back  at  night  to  the  bed-ground.  Thus  an  indifferent 
herder  will  use  his  dogs  constantly  in  order  to  keep  the  tail-end  of  the 
herd  up  with  the  leaders;  but  an  energetic  and  conscientious  herder 
will  himself  keep  moving  around  the  outside  of  the  flock,  constantly 
turning  or  retarding  the  leaders.  This  permits  all  the  animals  to 
graze  contentedly,  with  the  best  possible  chance  to  choose  their  forage. 
The  sheep  bed  down  wherever  they  may  be  when  night  overtakes  them. 

If  the  heaviest  lambs  are  to  be  produced  from  a  given  piece  of  range, 
the  system  outlined  above  must  be  used.  The  fact  is  that  the  ideal 
method  of  handling  sheep  on  the  range  should  come  as  close  as  possible 
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to  the  way  in  which  sheep  graze  naturally  on  pasture,  where  the  ani- 
mals do  little  or  no  trailing  from  one  place  to  another  and  where  they 
are  allowed  to  graze  openly  and  quietly  all  the  time  without  being 
disturbed.  Of  course,  it  is  impossible  to  handle  sheep  on  the  range 
under  fence,  under  the  present  conditions  on  the  open  public  range; 
but  the  pasturage  system  is  the  ideal  and  should  be  approached  as 
closely  as  possible.  This  means  that  tail-end  herding  must  be  done 
away  with  and  the  band  must  be  herded  from  the  sides  and  front, 
the  herder  continually  turning  back  the  fast-trailing  leaders.  The 
slow-grazing  sheep  which  are  feeding  in  the  rear  of  the  flock  will  not 
then  have  to  keep  up  with  the  more  active  leaders  in  the  band.  This 
gives  all  the  animals  an  equal  chance  to  fill  in  the  shortest  possible 
time. 

This  is  by  no  means  a  lazy  man's  way  of  herding ;  but  it  will  result 
in  an  increase  in  the  carrying  capacity  of  the  range  and  will  bring 
about  the  production  of  heavier  range  lambs,  fatter  ewes,  and  fewer 
cripples.  It  simply  means  grazing  with  the  smallest  possible  amount 
of  herding  or  actual  driving.  It  allows  the  sheep  to  graze  all  through 
the  cool  morning  hours  and  to  "buck  up"  during  the  heat  of  the  day. 
It  permits  them  to  graze  with  quiet  natural  freedom,  and  favors  the 
heaviest  production  of  wool  and  mutton. 

THE  EQUIPMENT  NECESSABY  UNDER  EACH  SYSTEM 
Under  the  old  system  of  returning  to  an  established  camp  each  night 
the  herder  is  usually  supplied  with  two  tents.  He  uses  one  for  cook- 
ing and  for  storing  supplies ;  he  sleeps  in  the  other.  Frequently,  how- 
ever, the  cook  tent  is  very  close  to  the  bed-ground,  so  that  he  may  use 
it  if  he  wishes  for  cooking,  storage,  and  sleeping.  Generally  he  is  not 
supplied  with  any  means  of  transportation,  depending  entirely  upon 
the  camp-tender  to  do  all  of  the  moving  of  his  camp  supplies. 

When  the  bedding-out  system  of  one-night  camps  is  used,  the  herder 
must  have  a  horse  or  a  burro  on  which  he  can  lash  his  tent,  bed,  and 
provisions  every  day  for  transportation  to  the  newly  established  bed- 
ground.  A  burro  will  carry  the  average  summer-weight  bed  all  day 
and  never  feel  any  discomfort ;  and,  further,  he  will  graze  as  one  of 
the  sheep.  He  is  a  very  hardy,  inexpensive  animal  and  will  graze  on 
almost  any  area  where  sheep  will  feed.  On  some  ranges  the  herders 
carry  their  beds  on  their  backs  to  the  new  bed-ground.  However,  on 
most  ranges  it  will  pay  a  lot  better  to  have  a  burro. 

The  most  practical  tent  for  the  herder  is  a  tepee.  In  heavy  storms 
it  gives  the  best  protection,  and  when  transported  it  is  very  easily 
taken  down  and  set  up.  It  is  light  in  weight  and  not  at  all  bulky. 
Probably  the  most  convenient  way  of  carrying  bed  and  tent  is  simply 
to  take  down  the  tepee  in  the  morning,  lash  it  on  the  burro,  turn  him 
loose  with  the  sheep,  and  let  him  graze  along  with  them  until  they  are 
ready  to  bed  down  for  the  night.  A  few  herders  prefer  to  wait  until 
the  sheep  are  almost  ready  to  bed  down;  they  go  and  get  the  tepee 
from  the  old  bed-ground  and  put  it  up  where  the  sheep  are  to  bed 
that  nights 
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THE  TIME   BEQUntED  TO  CHANaS  THE  HEBDEB*S  BED  FBOM  ONE 
BED-aBOUND  TO  ANOTHEB 

The  actual  time  required  to  take  down  a  herder 's  tent  and  lash  it  on 
the  back  of  the  burro  varies,  but  with  the  experienced  herder  it  should 
not  exceed  much  more  than  ten  minutes.  It  can  be  done  in  less  time 
than  this ;  but  for  several  mornings  this  was  the  average  time  for  one 
herder  who  was  not  hurrying.  It  takes  a  little  longer  to  take  the  tepee 
off  the  burro,  spread  it  on  the  ground,  put  it  up,  and  make  the  bed. 
However,  the  entire  operation  of  changing  the  bed  from  place  to  place 
should  not  take  more  than  thirty  minutes.  During  most  of  the  time  in 
summer,  when  there  is  no  danger  from  storms,  the  tepee  is  not  set  up, 
the  herder  merely  using  it  as  a  canvas  protection  to  his  bed. 

THE  TIME  CONSUMED  IN  TBATLINa  TO  AND  FBOM  AN 
ESTABLISHED  CAMP 

Under  the  system  of  returning  to  the  same  bed-ground  for  several 
nights  the  herder  is  forced  to  trail  his  sheep  for  long  distances,  getting 
them  to  fresh  feed  each  morning  and  then  back  again  at  night  to  the 
bed-ground.  In  actual  time,  it  took  a  herder,  who  had  been  at  the  same 
camp  for  six  days,  one  hour  and  twenty-five  minutes  to  return  his 
sheep  to  the  bed-ground ;  on  the  seventh  day  it  took  him  one  hour  and 
thirty-five  minutes;  on  the  eighth  day  one  hour  and  thirty-eight 
minutes,  and  on  the  ninth  day  the  camp  was  moved. 

It  took  him  much  longer  to  get  the  sheep  on  fresh  feed  in  the  morning 
than  to  return  them  to  the  bed-ground  at  night  because  they  had  to 
graze  at  first  for  a  long  distance  on  range  which  they  had  eaten  off 
before,  and  they  traveled  very  slowly.  However,  as  soon  as  they  com- 
menced to  fill  they  trailed  much  faster,  and  soon  reached  fresh  feed. 
The  above  figures  approximate  the  average  time  consumed  in  the  trail- 
ing to  and  from  an  established  camp  for  a  number  of  days  in  succes- 
sion. The  long  trail  each  morning  and  night  works  the  greatest  hard- 
ship on  the  sheep  because  they  graze  but  little  on  poor  range  just  at 
the  time  when  they  are  most  anxious  to  feed.  In  the  evening  the 
herder  is  usually  very  anxious  to  get  back  to  camp  and  to  cook  his  sup- 
per, and  he  consequently  trails  them  in  just  as  rapidly  as  possible  by 
whistling,  shouting,  and  the  use  of  his  dogs. 

For  range  sheep,  more  especially  lambs,  to  make  the  best  gains, 
they  should  be  allowed  to  graze  during  the  cool  evening  and  morning 
hours.  This  is  not  done  when  they  are  forced  to  trail  over  range 
which  has  already  been  grazed,  as  is  always  the  case  when  the  estab- 
lished bed-ground  systemi  is  used.  If  they  are  not  forced  to  make  the 
long  daily  trail  to  and  from  an  established  camp,  the  general  result 
will  be  a  material  increase  in  the  carrying  capacity  of  the  range  and 
a  marked  increase  in  the  growth  of  the  lambs. 

SALTING  SHEEP  ON  THE  BANQE 

Too  much  emphasis  cannot  be  placed  upon  the  importance  of  giving 
the  sheep  a  regular  and  liberal  supply  of  salt.  When  the  sheep  are 
returning  each  night  to  an  established  camp  it  is  comparatively  easy  to 
put  suflScient  salt  at  one  time  on  the  bed-ground  to  last  them  for  five 
or  more  days.  However,  even  under  this  system,  some  herders  do  not 
salt  their  sheep  more  often  than  once  a  week,  which  is  entirely  too- 
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seldom.  The  best  results  are  obtained  when  the  sheep  are  given  a  httle 
salt  each  day.  When  the  camp  is  being  moved  daily  this  is  more  or  less 
impracticable.  Notwithstanding,  they  should  be  salted  every  three 
days.  This  will,  in  most  instances,  keep  their  appetites  normal.  As 
soon  as  sheep  become  salt-hungry  they  grow  restless  and  will  eat  many 
plants  that  normally  they  will  not  touch.  A  perverted  taste  is 
developed,  and,  of  course,  with  this  abnormal  taste  many  losses  from 
poisonous  plants  occur  which  could  have  been  avoided  had  the  sheep 
been  salted  regularly.  The  best  salt  to  use  is  fine  table  salt ;  next  to 
this  the  crystalline  dairy  salt.  The  rock  salt  is  very  unsatisfactory, 
for  the  reason  that  it  takes  a  sheep  a  long  time  to  get  an  amount 
sufficient  to  satisfy  his  wants,  and  it  is  very  hard  on  the  teeth  of  sheep. 
There  are  several  ways  of  distributing  salt  to  sheep  on  the  range. 
One  of  the  most  common  is  to  scatter  the  salt  in  several  small  piles, 


Figure  6.  Sheep,  wlien  returned  to  an  eetabliBlied  camp  night  after 
night,  eat  off  and  destroy  all  forage  in  the  immediate  vicinity  of 
the  bed-ground.  Note  all  that  is  left  is  rocks,  sticks^  and  trails. 
Is  it  any  wonder  that  the  range  is  being  ruined? 

fifty  to  a  hundred  in  number,  on  the  bed-ground,  the  number  of  piles 
d(»pending  on  the  size  of  the  flock.  This  will  give  all  the  sheep  a 
chance  to  get  at  the  salt  without  unnecessary  crowding  and  will  allow 
each  sheep  to  get  the  proper  amount.  A  much  less  common  way  is  to 
have  five  or  six  galvanized  tubs  which  will  nest  in  each  other  (Figure 
6).  These  tubs  waste  no  salt,  and  are  light  and  easily  transported. 
An  excellent  way  of  salting  on  the  range  to  reduce  the  loss  of  salt  is 
by  the  use  of  canvas  troughs  as  shown  in  Figure  7.  These  are  made 
by  sewing  12-  or  14-oz.  canvas  to  form  a  trough  approximately  twelve 
feet  lonj^r,  nailed  to  wooden  end-pieces.  These  troughs  are  then 
stretched  and  anchored  to  the  ground  by  means  of  stakes  as  shown  in 
the  illustration,  or  by  means  of  a  steel  stake  which  is  attached  to  the 
end-pieces  and  driven  into  the  ground,  making  stationary  the  lower 
part  of  the  trough,  while  the  upper  part  is  made  solid  by  means  of 
small  guide  ropes.    A  considerable  amount  of  salt  taken  to  the  sheep 
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camps  is  wasted  on  the  salt-grounds.  After  salt  has  been  transported 
long  distances  by  wagon  and  pack-horse  it  becomes  quite  expensive. 
The  loss  may  be  very  largely  avoided  by  the  use  of  simple  devices 
such  as  those  described. 

When  sheep  are  given  salt  at  long  irregular  intervals,  too  much  is 
eaten  at  once,  upsetting  the  digestion  and  causing  scouring.  In  several 
flocks  under  observation  the  best  results  were  obtained  when  the  sheep 
were  given  one-half  ounce  daily — that  is,  three  pounds  to  every  hun- 
dred sheep.  The  sheep  actually  consumed  this  amount  daily,  and 
these  figures  do  not  take  into  account  any  waste.  If  the  animals  are 
salted  in  such  a  way  that  part  of  the  salt  is  lost,  then  a  larger  quan- 
tity per  head  must  be  supplied.  The  foregoing  figures  are  very  easy 
to  remember,  and  show  the  actual  amount  which  should  be  consumed 
daily  per  head  on  the  range  in  order  to  keep  the  appetites  normal  and 


Figure  6.    These 


tubs  nest  each  in  another.    They  save  salt  and 
are  easy  to  carry. 


Figure  7.   Portable  canvas  salting-troughs  for  sheep. 

to  make  the  largest  daily  gain  in  flesh  from  the  range  forage  con- 
sumed. This  is  the  smallest  amount  that  they  should  receive  when 
grazing  on  the  open  range. 

THE  EFFECT  OF  SHADE  OK  THE  GROWTH  OF  THE  LAMB 

Good  summer  management  of  sheep  demands  that  the  ewes  and 
lambs  shall  be  so  handled  that  the  greatest  possible  growth  in  the 
lambs  is  made  with  the  least  damage  to  the  range.  One  of  the  impor- 
tant factors  affecting  the  rapid  growth  of  lambs  is  shade  during  the 
long  hot  summer  days. 

It  is  not  possible  to  reserve  shaded  areas  on  every  summer  sheep 
range  for  the  hot  days  of  July  and  August.  Whenever  it  is  possible, 
however,  the  forage  along  the  creek  bottoms,  among  the  patches  of 
quaking-asp,  and  the  open  timbered  areas  should  not  be  grazed  off 
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first,  but  should  be  reserved  for  the  hot  weather  when  it  is  most 
needed. 

The  importance  of  such  management  is  clearly  shown  in  the  fall 
weights  of  three  flocks  of  ewes  and  lambs,  which  we  will  call  A,  B, 
and  C.  Flock  A  was  grazed  on  a  range  abundantly  provided  with 
shade;  flock  B  on  a  partially  shaded  range,  and  flock  C  on  a  range 
entirely  free  from  shade,  but  well  supplied  with  water  and  green 
forage.  These  three  summer  flocks  were  made  up  of  ewes  which  com- 
menced to  lamb  April  10  and  which  had  practically  finished  lambing 
May  15.  The  lambs  in  the  three  flocks  were  of  the  same  age  and  of 
the  same  breeding.  On  September  19,  after  being  trailed  from  the 
summer  range  to  the  railroad  for  shipment,  the  average  weight  of 
1,262  lambs  in  flock  A,  which  had  grazed  on  the  shaded  range,  was 
62|  pounds.  The  average  weight  of  1,301  lambs  in  flock  B,  summered 
on  the  partially  shaded  range,  was  60|  pounds ;  while  in  flock  C  the 
average  weight  of  1,198  lambs  grazed  on  an  open  shadeless  range  was 
56^  pounds.  The  average  daily  gain  of  flock  A  was  .4096,  of  flock  B 
.3996,  and  of  flock  C  .3717  pounds.  Between  flock  A  and  flock  C  there 
was  a  difference  in  the  gain  of  the  lambs  of  5J  pounds  in  favor  of  the 
shaded  lambs. 

In  an  average  range  flock  of  1,500  lambs  the  above  difference  in  the 
summer  growth  of  the  lambs  of  the  two  flocks  would  amount  to  8,625 
pounds.  This  difference  in  the  gains  made  by  the  lambs  in  the  three 
flocks  from  which  the  summer-growth  weights  were  secured  clearly 
emphasizes  the  importance  that  shade  plays  in  the  summer  manage- 
ment of  sheep.  Consequently  it  is  highly  desirable  whenever  possible 
to  graze  the  open  ranges  first,  reserving  the  range  forage  where  shade 
is  available  for  the  long  warm  days  of  summer. 

THB  EFFECT  OF  TBAILING  OK  THE  GROWTH  OF  THE  LAMB 

The  effect  of  trailing  long  distances  in  order  to  get  to  and  from 
fresh  feed  is  well  illustrated  by  the  following  case:  A  camp-tender 
had  failed  to  move  the  herder's  camp  for  eleven  days,  and  the  range 
was  badly  overgrazed  in  the  immediate  vicinity  of  the  camp,  so  that 
the  ewes  and  lambs  were  forced  to  trail  approximately  1^  to  2^  miles 
to  get  to  fresh  feed.  During  this  period  of  long  trailing  to  get  fresh 
feed  three  lambs  were  weighed  in  order  to  determine  just  what  gains 
they  were  making  when  being  forced  to  trail  so  far  each  day.  The 
three  lambs  weighed  49,  55f,  and  56^  pounds,  respectively.  Each 
morning  for  four  days  they  were  weighed,  and  it  was  found  that 
their  average  increase  was  .25  of  a  pound  per  day.  With  their  mothers 
and  the  other  animals  in  the  flock  they  were  moved  and  put  on  fresh 
green  feed  and  the  long  trails  eliminated. 

They  commenced  to  gain  flesh  immediately.  Four  days  after  the 
change  of  feed  the  three  lambs  had  made  an  average  gain  of  .32  of  a 
pound  per  day,  an  increase  of  .07  of  a  pound  per  day  over  what  they 
were  making  when  compelled  to  make  the  long  daily  trail.  This 
material  increase  in  daily  growth  was  caused  by  the  change  in  the 
character  and  abundance  and  nearness  of  the  feed.  The  long  daily 
trails  to  fresh  feed  and  back  had  prevented  the  ewes  from  giving  the 
necessary  amount  of  milk  for  the  continued   rapid  growth  of  the 
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lamb  and  had  kept  both  ewes  and  lambs  down  in  flesh;  this  was 
shown  by  the  condition  and  appearance  of  their  bodies.  If  this  prac- 
tice of  maintaining  a  central  camp  from  which  and  to  which  the 
ewes  and  lambs  were  forced  to  trail  each  day  had  been  continued  for 
a  grazing  season  of  100  days,  it  would  have  caused  the  production  of 
lambs  weighing  on  an  average  7  pounds  less  than  lambs  which  had 
been  allowed  to  bed  down  with  their  mothers  wherever  they  were  on 
the  range  at  night.  Seven  pounds  each  in  the  average  flock  of  1,500 
lambs  means  10,500  pounds  of  flesh  and  wool.  This  item  is  certainly 
worth  considering,  more  especially  when  it  is  multiplied  by  the  hun- 
dreds of  thousands  of  lambs  produced  annually  on  Nevada  ranges. 

THE  EFFECT  OF  DIFFBBENT  TYPES   OF   BANQE  FOBAQE   OK  MILK 
PBODUOTIOK  BY  EWES 

The  daily  milk  yield  of  the  ewe  has  a  very  marked  influence  on  the 
growth  of  the  lamb.  When  a  lamb  is  first  starting  out  in  life  it  takes 
from  its  mother  considerable  fat,  which  is  known  on  the  range  as 
"mother  tallow."  It  makes  its  most  rapid  growth  during  the  early 
period  of  its  life,  and  the  growth  of  the  first  month  or  six  weeks  is 
mainly  controlled  by  the  supply  of  milk  produced  by  the  ewe.  After 
this  period  has  passed  the  lamb  gradually  begins  to  forage  for  itself, 
so  that  it  is  not  nearly  so  dependent  upon  its  mother. 

The  amount  of  miUi  produced  by  the  ewe  varies  with  the  different 
breeds,  with  individuals  of  the  same  breed,  with  the  manner  in  which 
they  are  handled,  and  with  the  kind  of  range  on  which  they  graze. 
Ordinarily,  sheep  prefer  succulent  weeds  and  will  make  the  greatest 
improvement  on  this  type  of  forage.  A  grass  range  is  used  to  the  best 
advantage  when  it  is  grazed  by  cattle.  In  order  to  determine  what 
effect  different  types  of  range  forage  would  have  on  the  production 
of  milk,  two  ewes  and  lambs  of  RambouiUet  breeding  were  selected  for 
study.  The  lambs  were  kept  away  from  the  ewes  except  at  stated 
intervals  when  they  were  allowed  to  suckle  their  mothers.  The  ewes 
were  first  grazed  on  a  range  where  the  feed  was  mainly  grasses  and 
which  was  becoming  coarse  and  more  or  less  dry.  The  average  nodlk 
production  of  the  ewes  on  this  type  of  range  was  1.6  pounds  per  day. 
Shortly  they  were  moved  to  a  range  which  supported  succulent  grasses 
and  weeds,  and  the  milk  supply  immediately  advanced  to  2.1  pounds 
per  day,  an  increase  of  .5  of  a  pound  of  milk.  The  gains  in  the  weights 
of  the  lambs  were  not  considered,  for  it  was  necessary  to  keep  the 
lambs  in  camp  while  their  mothers  were  out  on  the  range  grazing,  and 
this  condition  was  so  abnormal  that  they  did  not  do  well.  However, 
it  illustrates  the  importance  of  succulent  grasses  and  weeds  for  the 
production  of  milk  and  the  rapid  and  steady  growth  of  the  lamb. 

Thus  it  is  clearly  apparent  that  the  continued  rapid  growth  of  the 
lambs  requires  a  range  supporting  an  abundance  of  succulent  forage. 
Camp-tenders  and  sheepherders  should  therefore  utilize  their  range 
and  select  their  grazing  camps  so  that  the  early  range  will  be  used 
first,  keeping  the  higher  camps  and  the  areas  along  the  streams  for 
use  during  the  hot  weather  of  July  and  August.  Too  often  range 
which  should  be  used  later  on  in  the  season  is  grazed  off  early;  and 
during  the  hottest  period  of  the  summer  the  sheep  are  forced  to  eat 
dry  feed,  oftentimes  going  without  any  shade.  As  a  result,  the  milk 
supply  of  the  ewe  is  materially  diminished  and  the  lambs  do  not 
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make  the  growth  that  would  have  been  made  if  their  mothers  had 
been  given  the  opportunity  to  shade  up  during  the  hot  part  of  the 
day  and  had  been  allowed  to  feed  upon  the  late-maturing  succulent 
range  forage  at  the  proper  time.  The  use  of  the  range  forage  so  that 
shade  can  be  produced  for  the  ewes  and  lambs  during  the  hottest  part 
of  the  grazing  season,  with  green  succulent  feed  near  water,  is  not 
given  the  attention  it  should  receive  in  the  management  of  sheep  on 
Nevada  ranges. 

A  OOMPABISOK  OF  THE  GAINS  MADE  BT  LAMBS  UNDEB  THE 

TWO  SYSTEMS 

In  order  to  determine  the  effect  of  the  two  systems  upon  the  growth 
of  the  lambs,  twenty  average  individuals  were  chosen  from  each 
flock,  and  weighed  at  the  beginning  of  the  grazing  season  and  again  at 
the  close.  The  comparative  gains  made  by  the  various  groups  of  lambs 
are  given  in  the  following  tables : 


Tlie  aains  Made  by  Lambs  Under  the  System  of  One-Night  Gamps 

Flock 

Actual 

Average  v 

eight  at— 

Oaln 
per  head 

Average 

Year 

n&ys  oi 
grazing 

Beginning 

42.2  lbs. 
45.5  Ibe. 
43.8  lbs. 
45.2  lbs. 
47.4  Ibe. 
47.0  lbs. 

Olose 

70.0  lbs. 

69.1  lbs. 
66.0  lbs. 

61.6  lbs. 
64.3  lbs. 

68.7  lbs. 

gain  per 
day 

Nal 

1916 
1916 
1916 
1917 
1917 
1917 

78 
63 
62 
42 
49 
62 

27.7  lbs. 

23.6  lbs. 

22.2  lbs. 

16.3  lbs. 
16.9  lbs. 

21.7  lbs. 

.380   lbs. 

No.2 

.375  lbs. 

No.8            

.359  lbs. 

No.4 

.390   lbs. 

No.5 

.346   lbs. 

No.6 

.360   Ibe. 

68.5 

45.2  lbs. 

66.6  lbs. 

21.4  lbs. 

3666  lbs. 

The  Oains  Made  Under  the  System  of  Established  Bed-Grounds 

Average  weight  at— 


Flock 


Year 


Actual 
days  of 
grazing 


No.1.. 
No.2. 
No.3.. 
No.4. 
No.  5. 
No.6.. 


Averase. 


1916 
1916 
1916 
1917 
1917 
1917 


65 

67 


62 
65 


Beginning 


62.0  lbs. 
33.6  lbs. 

38.1  lbs. 

36.2  lbs. 
30.4  Ibe. 
36.1  lbs. 


3.8    i    37.5  lbs. 


Close 


67.0  lbs. 
63.8  lbs. 
60.4  lbs. 
67.2  lbs. 
61.7  lbs. 
66.6  lbs. 


57.7  Ibe. 


Gain 
per  head 


Average 

gain  per 

day 


16.0  lbs. 

20.2  lbs. 

22.3  lbs. 
21.0  lbs. 

21.3  Ibe. 

21.4  lbs. 


.273  lbs. 
.802  lbs. 
.338  lbs. 
.340  lbs. 
.328  lbs. 
.315  lbs. 


20.2  lbs. 


.316  lbs. 


The  tables  show  that  under  the  system  of  one-night  camps  the 
lambs  made  an  average  daily  gain  of  .3665  of  a  pound.  Under  the 
system  of  returning  to  an  established  bed-ground  they  gained  daily 
.316  of  a  pound — a  difference  of  .0505  pounds  per  head  per  day  in 
favor  of  the  lambs  grazed  under  the  bedding-out  system.  This  may 
appear  to  be  a  very  small  difference ;  yet  for  a  grazing  season  of  100 
days  it  represents  an  increase  of  5.05  pounds.  For  a  flock  of  1,500 
lambs  it  means  a  net  increase  of  7,575  pounds. 

On  January  1,  1917,  the  statistics  show  that  there  were  1,340,000 
sheep  within  the  State  of  Nevada.  Assuming  that  207fi  of  this  num- 
ber are  yearlings,  bucks,  and  immature  animals,  it  leaves  1,072,000 
mature  breeding  ewes.  The  1,072,000  breeding  ewes  should,  under 
ordinary  range  conditions,  produce  a  crop  of  80%  docked  lambs  or 
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857,600  lambs  to  be  fed  on  the  summer  grazing  ranges.  Let  us  assume 
that  one-half  of  these  lambs  are  now  being  run  under  the  best  methods 
of  handling,  so  as  to  produce  the  maximum  growth  in  the  lamb  during 
the  average  summer  grazing  period.  Now,  if  by  improved  methods  of 
handling,  the  weight  of  each  lamb  can  be  increased  for  the  other  one- 
half  of  all  Nevada  lambs  by  5.05  pounds,  as  shown  by  the  figures  of 
the  preceding  tables,  the  total  increased  production  for  the  State,  over 
what  it  is  now,  would  be  2,165,440  pounds  of  mutton  for  the  same 
area  of  range.  If  the  increased  production  per  lamb  amounted  to  only 
2  pounds,  still  the  total  increase  would  be  extremely  important. 

The  increa.sed  money  value  at  14  cents  per  pound  for  a  flock  of 
1,500  lambs  would  amount  to  1,500  times  5.05  times  .14,  or  $1,060.50. 
This  would  represent  just  that  much  more  profit  to  the  sheep  owner 
and  would  go  a  long  way  towards  paying  the  summer  operating 
expenses  of  a  band  of  ewes  and  lambs. 

The  foregoing  increase  in  the  weights  of  lambs  when  handled  under 
the   bedding-out  system  is  primarily  due  to   the  following  factors: 

(1)  The  ewes  are  on  fresh  feed  every  day  with  many  different  kinds 
of  plants  to  select  from,  and,  as  a  consequence,  they  give  more  and 
better  milk  than  ewes  fed  every  morning  on  range  which  has  already 
been  grazed  or  ewes  which  trail  for  three  miles  a  day  to  get  feed. 

(2)  The  less  of  time  and  energy  consumed  in  trailing  from  an  ^tab- 
ILshed  camp  Ls  entirely  eliminated.  (3)  The  ewes  and  lambs  are  in 
most  instances  allowed  to  graze  at  all  times  just  as  openly  and  quietly 
as  possible,  giving  them  the  greatest  possible  range  freedom  in  the 
selection  of  their  feed  with  the  least  amount  of  dogging,  trailing,  and 
running  taking  place.  (4)  The  ewes  are  allowed  to  choose  range  for- 
age which  will  help  to  produce  both  wool  and  mutton. 

THE  USE  MADE  OF  THE  RANaE  UNDER  THE  TWO  SYSTEMS 

In  order  to  determine  the  degree  of  use  made  of  the  range  when  the 
sheep  are  returned  to  the  same  bed-ground  in  comparison  with  the 
system  of  being  allowed  to  bed  where  night  overtakes  them,  a  series  of 
small  areas  or  quadrates  six  feet  square  were  selected  on  two  different 
ranges  before  the  sheep  began  to  graze  them ;  and  the  total  number  of 
plants  on  each  of  the  small  areas  was  listed.  At  the  close  of  the  graz- 
ing season  the  plants  were  again  recorded  in  order  to  determine  the 
number  removed  or  the  degree  of  use  of  forage  which  had  taken  place 
for  each  range.  The  two  areas  selected  for  this  test  were  open  rolling 
country'  where  it  was  possible  for  the  sheep  to  feed  over  every  portion 
of  the  range  with  ease.  The  forage  growing  on  these  ranges  was  made 
up  almost  wholly  of  grasses  and  weeds,  a  very  uniform  stand  over  all 
of  the  area  grazed. 

The  quadrates  on  the  range  where  the  sheep  were  returned  to  a 
fixe<l  bed-ground  w^ere  laid  out  from  a  central  camp  so  that  a  quadrate 
was  found  in  the  ^-mile,  ^-mile,  |-mile,  1-raile,  l)-mile,  li-mile,  IJ-mile, 
and  2-mile  zones,  respectively.  At  the  close  of  the  season  97%  of  the 
plants  had  been  removed  from  the  J-mile  zone,  95%  in  the  ^-mile  zone, 
93%  in  the  J-mile  zone,  689^  in  the  1-mile  zone,  48.4%  in  the  l^-mile 
zone,  20.5%.  in  the  IJ-mile  zone,  14.1%  in  the  IJ-mile  zone,  and  in  the 
2-mile  zone  no  appreciable  utilization  had  taken  place.  Thus,  the 
range  was  heavily  overgrazed  in  the  immediate  vicinity  of  the  bed- 
ground,  while  range  two  miles  away  was  unused. 
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On  the  range  where  the  sheep  had  been  allowed  to  select  their  owd 
bed-ground  each  night,  an  average  of  84.4%  of  the  plants  had  been 
removed  from  each  of  the  32  quadrates  established,  and  thus  a  very 
uniform  utilization  of  the  entire  area  had  taken  place,  only  15.6  "/c  of 
the  forage  being  left  ungrazed.  On  this  range  no  area  was  completely 
grazed  at  one  time,  but  was  left  to  be  regrazed  at  a  later  date.  As  a 
result,  no  injury  was  done  to  any  part  of  this  range,  while  in  the  case 
of  the  range  where  the  sheep  were  returned  to  a  central  camp  the 
range  close  to  the  bed-ground  was  badly  abused  and  overgrazed.  Of 
course,  the  percentages  given  will  vary  with  each  different  range  and 
even  with  the  same  range,  depending  on  the  herder  and  the  length  of 
time  the  sheep  are  on  the  range,  the  climatic  conditions  affecting  the 
growth  of  the  forage  plants,  and  the  size  of  the  flock.  However,  they 
do  give  comparative  figures  which  illustrates  admirably  the  fact  that 
the  range  forage  may  be  efficiently  used  or  badly  abused  simply  by  the 
manner  in  which  the  sheep  are  handled. 

There  can  be  no  question  that  the  carrying  capacity  of  the  range, 
where  equal  and  uniform  grazing  takes  place,  is  materially  greater 
than  where  certain  portions  are  injured  by  overgrazing  and  other 
portions  scarcely  two  miles  from  the  central  camp  are  not  used  at  all. 

Where  the  sheep  graze  on  a  fresh  range  every  day,  the  plants  have 
a  chance  to  go  to  seed.  Ordinarily  this  would  not  take  place  if  all  the 
forage  had  been  removed  at  one  time  as  it  is  around  a  fixed  bed- 
ground.  Thus,  not  only  is  there  a  material  saving  in  forage,  due  to 
the  elimination  of  waste  through  trailing  and  overgrazing,  but  the 
carrying  capacity  of  a  grazed  range  may  even  increase  each  year 
because  the  plants  already  found  on  the  range  are  allowed  to  go  to 
seed. 

THE  GABBYINa  CAPACITY  OF  THE  BANGE  UNDER  THE 
TWO  SYSTEMS 

Not  only  does  the  carrying  capacity  of  the  range  vary  according  to 
the  different  kinds  of  plants  making  up  the  forage  grazing  types  and 
the  density  of  their  growth,  but  it  varies  also  according  to  the  manner 
in  which  the  sheep  are  handled.  In  order  to  determine  the  difference  in 
the  carrying  capacity  of  the  range  when  the  sheep  were  handled  under 
the  system  of  established  bed-grounds  and  when  they  were  allowed  to 
bed  down  wherever  night  overtook  them,  six  sheep  ranges  were  selected 
for  comparative  study  during  the  summers  of  1916  and  1917. 
.  The  following  tables  give  the  carrying  capacity  of  the  range  for 
each  of  the  areas  under  observation : 


Sheep  Handled  Under  the  Bedding-Out  System 


Flock 


No.  1. 
No.  2- 
No.  3. 
No.  4. 
No.  5- 
No.  6. 


Year 


1916 
1916 
1916 
1917 
1917 
1917 


Ewes       Lambs* 


Average. 


1.656 
1,881 
1.4a5 
1.573 
1.883 
2.011 


1.492 
1.515 
1.273 
988 
1.007 
1.172 


Total 
sheep 


2.402 
2.638 
2,121 
2.067 
2.386 
2,597 


Actual 
days  of 
grazing 


73 
63 
62 


Total 
acreage 
grazed 


T 


Acreage 

utilized 

per day 

per  sheep 


49 


3.413  i 
2.988  I 
2.669 
2.410  I 
1.776 
2.776 


.0195 
.0177 
.0203 
.0194 
.0152 
.0172 


Acreaie 
utiliied 
per  100 

days  per 
sheep 

l.»» 
1.77 
2.0$ 
l.M 

i.a 

1.7J 


.0182 


l.« 


*Two  lambs  considered  equivalent  to  one  mature  sheep. 
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Sheep  Handled  Under  the  Established  Bed-around  System 

Flock 

Year 

Ewes 

Lambs* 

Total 
sheep 

Actual 
days  of 

Total 
acreage 

Acreage 
utilized 

Acreage 
utilized 
per  100 

grazing 

«'»''«^     \  per^heep 

days  per 
sheep 

No.  I 

1916 

1.489 

1.421 

2.149 

56 

2.697 

.0227 

2.27 

No.  2 

1916 

1.604 

1,583 

2.396 

67 

3,915 

.0244 

2.44 

No.  3 

1916    , 

1.686 

1,602 

2,486 

66 

3,413 

.0208 

2.08 

No.  4 

1917 

1.826 

1.100 

2.376 

62 

3,050 

.0207 

2.07 

No.  6 

1917    1 

1,930 

1,080 

2,470 

66 

4,060 

.0252 

2.62 

No.  6 

1917 

J 

2.012 

.  _  _   

820 



2,422 

88 

5,678 

.0261 

2.61 

Av^raffe 

.0233 

2.33 

*Two  Iambs  considered  equivalent  to  one  mature  ewe. 

The  tables  show  that  where  the  ewes  and  lambs  were  handled  under 
the  bedding-out  system  they  utilized  1.82  acres  per  sheep  per  100  days 
grazing  season  as  compared  to  2.33  acres  per  sheep  per  100  days  when 
they  were  returned  to  an  established  camp  each  night.  Thus,  when  a 
new  camp  was  made  every  night,  it  took  21.9%  less  range  to  support 
a  sheep  than  it  did  when  the  camp  was  kept  for  many  nights  in  the 
same  place. 

This  increase  in  carrying  capacity  may  be  accounted  for  by  the 
following  facts:  (1)  The  sheep  are  not  forced  to  return  each  night 
over  range  already  eaten  off,  but  are  allowed  to  pass  over  the  ground 
only  once  and  thus  the  loss  of  forage  through  trampling  is  greatly 
reduced.  (2)  A  given  piece  of  range  is  not  fully  eaten  off  at  any  one 
time,  but  is  regrazed  at  a  later  date,  thus  permitting  the  plants  to  put 
forth  fresh  leaves  after  once  being  cropped,  instead  of  being  com- 
pletely eaten  to  the  ground,  which  materially  impairs  the  vitality  of 
the  plants  for  any  future  growth  during  that  season.  ( 3 )  When  sheep 
are  allowed  to  graze  openly  and  quietly  they  are  spread  out  in  open 
formation  and  only  a  few  hoofs,  at  most,  will  strike  any  given  plant, 
which  reduces  the  injury  to  the  range  from  hoofing.  (4)  Less  waste 
of  forage  takes  place,  for  sheep  trail  less  when  choice  feed  is  available. 

(5)  There  is  less  packing  of  the  soil;  packing  causes  it  to  dry  out  more 
rapidly  with  a  consequent  damage  to  the  growth  of  the  range  plants. 

(6)  There  is  a  more  even  use  of  the  area  grazed,  for  there  is  no  over- 
grazing and  extremely  close  grazing  in  the  immediate  vicinity  of  an 
established  bed-ground  with  incomplete  use  of  the  more  distant  areas. 

If  a  certain  area  of  sheep  range  has  a  carrying  capacity  of  5,000 
head  under  the  established  bed-ground  system,  then,  with  a  saving  of 
22%  of  vegetation  which  actually  takes  place  where  the  bedding-out 
system  is  used,  that  same  range  under  the  latter  system  would  have  a 
carrying  capacity  not  of  5,000  head  but  of  6,100.  If  such  a  conserva- 
tion of  forage  could  be  affected  over  all  of  our  public-domain  range, 
it  would  mean  a  tremendous  increase  in  the  carrying  capacity  of  our 
summer  grazing  ranges,  or,  in  other  words,  a  much  larger  number  of 
stock  could  be  ranged  than  at  the  present  time.  Even  if  no  more  ani- 
mals were  run  than  at  the  present  time,  our  overgrazed  and  worn-out 
public  ranges  would  have  a  chance  to  recover  by  natural  seeding. 
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SUBOCABY 

1.  The  spring  rabbit-brush  is  a  common  poisonous  shrub  of  the  desert 

foothills  in  Nevada  and  several  other  Western  States. 

2.  In  late  summer,  autumn  and  winter,  '»t  is  a  leafless  gray  brush; 

stiflE  and  dense  but  not  spiny,  from  one  to  four  feet  high.  In 
the  spring  it  puts  out  a  tender  growth  of  light-gray  stems  and 
short,  slender  fleshy  green  leaves  with  clusters  of  oblong  green- 
ish-white buds  which  bloom  into  small  fuzzy  yellow  flowers  in 
May. 

3.  Sheep  do  not  like  the  spring  rabbit-brush  and  will  not  eat  it  unless 

they  are  hungry ;  then  they  will  eat  the  tender  new  growth  if 
other  feed  is  scarce. 

4.  A  mature  range  sheep  can  eat  moderate  quantities  of  this  plant, 

up  to  nearly  two  pounds,  without  apparent  harm;  but  the 
poison  is  only  slowly  thrown  off  and  if  even  a  little  of  the 
plant  is  eaten  every  day  it  will  accumulate  in  the  body,  finally 
causing  severe  sickness  or  death. 

5.  The  poisoned  sheep  stops  eating  and  begins  to  drool  a  little.     It 

becomes  restless  and  walks  about,  a  few  steps  forward  and  a 
few  back;  and  may  stand  for  a  time  holding  its  head  against 
a  fence  or  other  convenient  object.  The  heart  beats  rapidly, 
but  there  is  very  little  fever.  The  muscles  twitch  on  the  neck 
and  shoulders ;  the  animal  walks  unsteadily,  staggers,  and  goes 
down.  It  may  lie  for  hours,  growing  more  dull  and  indifferent 
to  its  surroundings.  The  breathing  is  difficult  and  irregular; 
the  unconscious  animal  finally  dies  without  spasms  or  struggle, 
so  quietly  that  a  close  watch  must  be  kept  if  the  observer  is  to 
record  the  time  of  death. 

6.  When  a  sheep  has  been  fatally  poisoned  by  small  quantities  of  the 

plant  eaten  daily  for  ten  days  or  more,  death  follows  the  first 
symptoms  of  illness  within  ten  to  eighteen  hours.  But  when 
a  fatal  dose  has  been  taken  in  a  single  feeding,  the  illness  is 
more  prolonged ;  and  death  does  not  occur  until  the  animal  has 
been  ill  for  from  twenty-four  to  thirty-six  hours ;  it  may  even 
linger  for  three  days. 

7.  After  death  the  body  gives  evidence  of  severe  inflammation  of  the 

stomach  and  intestines,  with  hemorrhages  under  the  skin  of  the 
face  and  neck  and  under  portions  of  the  membrane  covering  the 
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heart,  together  with  some  inflammation  of  the  kidneys,  conges- 
tion of  the  lungs  and  degenerative  changes  in  the  heart  and 
I  liver.     These   conditions,   however,    are   not   characteristic   of 

!  poisoning  by  the  spring  rabbit-brush  alone ;    but  when  they 

I  occur  and  a  strong  odor  of  the  plant  is  noticed  on  opening  up 

the  body  of  the  sheep,  there  is  good  reason  for  thinking  that 
this  plant  is  the  cause  of  the  trouble. 
(  8.  Experiments  have  shown  that  the  essential  oil  which  gives  the 
brush  its  odor  does  not  contain  the  poisonous  principle.  There 
is  also  an  unusual  quantity  of  potash  salts  in  the  buds  and 
grreen  growth;  but  careful  tests  have  shown  that  poisoning  is 
not  due  to  the  potash.  The  active  poisonous  principle  of  the 
I  plant  has  not  been  discovered. 

[     9.  There  is  no  known  remedy  for  poisoning  by  the  spring  rabbit- 
brush.    Methods  of  treatment  tested  have  proven  unsuccessful. 
L  10.  Poisoning  by  this  plant  may  occur  around  dipping  plants,  shear- 
I  ing  corrals,  or  shipping  points  or  wherever  there  are  hungry 

I  sheep  on  ranges  where  the  spring  rabbit-brush  is  plentiful  and 

good  feed  is  scarce,  or  when  late  snows  on  spring  ranges  cover 
the  grasses  and  tender  plants,  leaving  the  brush  exposed. 
11.   Poisoning  may  be  prevented  by  keeping  hungry  sheep  off  ranges 
where  there  is  little  or  nothing  but  the  spring  rahbit-brush. 
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SECTION    I 
Studies  of  the  Poisonous  Effects  of  Spring  Rabbit-Brush 

(Tetradymia  gldbrata) 

In  recent  years  many  deaths  from  poisonous  plants  have  occurred 
in  Nevada  among  sheep  grazing  in  late  winter  and  early  spring  on 
the  open  ranges ;  yet,  after  careful  examination  of  the  country,  it  was 
clear  that  the  trouble  was  not  due  to  any  plant  commonly  recognized 
as  poisonous. 

This  bulletin  deals  with  a  plant  which  a  few  years  ago  was  not  sus- 
pected of  being  responsible  for  livestock  losses. 

Common  Karnes. 

On  the  range  this  plant  is  commonly  called  "rabbit-brush."  How- 
ever, this  same  common  name  is  used  by  stockmen  for  several  different 
bm&hy  shrubs  of  the  desert  foothills ;  and  so,  like  many  other  common 
names  of  plants,  it  does  not  mean  much  unless  one  knows  just  which 
"rabbit-brush"  is  under  discussion.  The  one  described  herein  is  green 
only  during  the  spring  and  early  summer;  for  which  reason  a  good 
o(Mninon  name  for  it  would  be  "spring  rabbit-brush."  It  is  known  to 
botanists  as  Tetradymia^glabrata. 

Description  of  the  Plant. 

Like  sagebrush  the  spring  rabbit-brush  is  a  low,  dense,  rigid  shrub 
growing  from  one  to  three  feet  high.  The  older  branches  are  gray; 
the  stems  and  branches  of  newer  growth  are  greenish-white ;  the  little 
green  leaves  are  slender,  not  notched,  fleshy  and  smooth.  On  the 
older  branches  the  leaves  are  a  little  more  than  one-eighth  of  an  inch 
long;  on  the  young  growing  shoots  they  reach  a  length  of  half 
an  inch.  The  numerous  small  yellow  flowers  are  from  one-eighth  to 
one-fourth  of  an  inch  across,  blooming  in  clusters  in  May  on  the  ends 
of  the  new  twigs. 

Parts  of  tlie  Western  Range  Country  Where  This  Plant  Grows. 

The  spring  rabbit-brush  is  found  in  Oregon,  Idaho,  Utah,  California, 
and  Nevada.  In  Nevada  it  grows  on  the  treeless  foothills  and  flats 
wifli  the  sagebrush,  the  golden  brush  or  false  goldenrod  bush,  the  hop 
sage,  the  saltbush  and  a  scattering  growth  of  weeds  and  grass.  On 
some  of  the  slopes  and  flats  there  is  nothing  but  this  rabbit-brush ;  on 
others  there  is  a  mixture  of  many  different  kinds  of  bushes. 

Ba  Season  of  Growth. 

The  spring  rabbit-brush  makes  all  of  its  growth  in  the  spring  and 
eariy  summer  and  is  dormant  and  leafless  during  the  remainder  of  the 
year.  At  about  the  time  when  the  snow  is  leaving  the  ranges  the 
rabbit-brush  shows  signs  of  life  and  the  buds  begin  to  swell.  Soon 
afterward  the  new  green  buds  and  leaves  come  out;  and  usually  by 
the  middle  of  June  it  has  completed  its  growth  for  the  year.  The 
plant  then  dries  up,  the  leaves  fall,  and  it  looks  like  a  barren  woody 
shrub.    Figure  3  shows  the  spring  rabbit-brush  in  its  dormant  state. 
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FIGURE  3 


a.  Spring  Babbit-Brush  on  Bange  Partly  Covered  Wltb  Snow  in  Early 
Spring  When  the  Buds  Have  Formed.  Under  these  conditions  such  a 
range  is  highly  dangerous. 


b.    Hungry  Sheep  Will  Eat  the  Spring  Babbit-Brush  When  Snow  Covers 
All  the  Grass  and  Tender  Plants  of  the  Spring  Bange. 
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Tbe  Time  of  Year  When  the  PUnt  Is  Dangerous. 

There  is  only  a  short  period  in  the  spring  and  early  summer  when 
this  brush  is  at  all  dangerous  to  live  stock.  As  has  been  stated,  it 
develops  its  leaves  and  buds  during  the  first  warm  days  of  early  spring 
and  soon  afterwards  completes  its  growth,  sheds  its  leaves,  and  becomes 
bare  and  leafless  and  apparently  dead.  It  is  only  during  the  period 
of  buds  and  leaves  and  flowers  that  it  is  dangerous. 

The  Part  of  the  Plant  Which  la  Poisonona. 

During  its  growing  period  the  plant  produces  along  its  main 
branches  leaves  which  are  so  small  that  they  are  seldom  or  never 
touche<l  by  the  sheep.  The  young  leafy  stems  and  flower-buds  are 
easily  grazed  and  are  the  parts  of  the  plant  which  cause  poisoning. 

The  Kinda  of  LIto  Stock  Poiaoned  by  the  Spring 
Babbit-Bmah. 

80  far,  the  recorded  losses  have  been  con- 
fine<l  to  sheep.  There  is  some  probability  that 
?oats  might  be  poisoned,  but  there  are  few  if 
any  flocks  of  goats  on  Nevada  ranges;  and 
what  effect  the  plant  might  have  upon  them 
Ls  not  known.  It  is  difficult  for  cattle  to  graze 
this  shrub  extensively ;  and  it  is  very  distaste- 
ful to  them.  All  our  feeding  tests  with  cattle 
produced  no  symptoms  of  poisoning.  There 
is  no  risk  of  poisoning  iu  horses  because  of 
their  habits  on  the  range  and  the  way  in  which 
they  are  handled. 

Loasee  Dne  to  Sinring  Babbit-Bmah. 

The  largest  recorded  loss  was  in  a  flock  of 
?wes  and  lambs  where  approximately  1.000 
ewes  died  as  a  direct  result  of  eating  this 
plant,  leaving  their  young  lambs  as  orphans. 
Other  losses  reported  range  from  500  head 
down,  in  flocks  grazing  on  spring  rabbit-brush 
range  or  being  trailed  over  country  where  this 
brush  is  abundant. 

Feeding  Testa  to  Discover  the  Poisonous  Properties 

of  the  PUnt. 

The  feeding  tests  were  made  for  the  foUow- 

lowing  reasons:    (1)  to  find  out  what  part  of 

the  plant  is  poisonous;  (2)  to  learn  how  much 

it  takes  to  make  a  sheep  sick  or  to  kill  it;  ('^)  riGUBE  4.  Spring  Eab- 
to  discover  the  effect  upon  the  sheep  of  small  bit-Brush  Showing  the 
quantities  fed  dailv;  (4)  to  record  the  svnip-  Large  Green  Buds,  the 
toms  of  poisoning;  (5)  to  discover  remedies,  ^^/LeS^iZ'^^l 
II  possible,  and  (6)  to  record  the  post-mortoni  ^11  Losses  From  This 
conditions.  Plant. 


Digitized  by 


Google 


10 


FIGURE  5.  A  Portion  of  a  Spring  Babbit-Bmsb  Plant  Showing  tlie 
Long  Tender  Stems  and  Large  Juicy  Bnds  Wliicli  Axe  Poieon- 
0U8  to  Sheep. 
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FIGUBE  6.  When  Hungry  Sheep  Are  Unloaded  from  Stock 
Oars  and  Allowed  to  Graze  Upon  a  Spring  Babbit-Brush 
Bange  There  Is  Danger  of  Fatal  Poisoning. 
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TABLE  I— SHEEP 
Daily  Quarter-Pound  Feedings  of  the  Green  Oroicih  of  Spring  Rahhit 


Animal 
No. 
25 
26 

27 


28 


29 


31 


Wt 
lbs. 

88 
72 

84 


92 


88 


88 


96 


82 


94 


88 


85 


91 


86 


DaU 
4-15-21 
4-15-21 
4-16-21 
4-15-21 
4-16-21 
4-17-21 
4-20-21 
4-21-21 
4-22-21 
4-28-21 
4-20-21 
4-21-21 
4-22-21 
4-28-21 
4-24-21 
4-21-21 
4-22-21 
4-28-21 
4-24-21 
4-25-21 
4-26-21 
4-21-21 
4-22-21 
4-28-21 
4-24-21 
4-25-21 
4-26-21 
4-27-21 
4-28-21 
4-24-21 
4-25-21 
4-26-21 
4-27-21 
4-28-21 
4-29-21 
4-80-21 
4-29-21 
4-80-21 
5-  1-21 
5-  2-21 
5-  8-21 
5-  4-21 , 
5-  5-21 
5-  6-21 
5-  7-21 
5-  5-21 
5-  6-21 
5-  7-21 
5-  8-21 
5-  9-21 
5-10-21 
5-11-21 
5-12-21 
5-18-21 
5-14-21 
5-  8-21 
5-  9-21 
5-10-21 
5-11-21 
5-12-21 
5-18-21 
5-14-21 
5-15-21 


Time 

9:00  a.m. 

9:30  a.m. 

9:45  a.m. 
10:00  a.m. 
10:00  a.m. 
10:15'a.m. 
•  1:00  p.m. 

2:00  p.m. 

1:30  p.m. 

1 :15  p.m. 

2:00  p.m. 

8:00  p.m. 

2:20  p.m. 

2:15  p.m. 

8:80  p.m. 
10:00  a.m. 
11:45  a.m. 

9:10  a.m. 

8:80  p.m. 
11 :20  a.m. 

1:00  p.m. 

9:10  a.m. 
10:80  a.m. 

9:45  a.m. 

4:80  p.m. 

1 :00  p.m. 

2:80  p.m. 

8:25  p.m. 

8:00  p.m. 

1 :40  p.m. 
11 :20  a.m. 
10:45  a.m. 

9:00  a.m. 

1:00  p.m. 

2:10  p.m. 

8:35  p.m. 

9:20  a.m. 

2:10  p.m. 

2:45  p.m. 

8:25  p.m. 

4  :00  p.m. 
11 :30  a.m. 

1:20  p.m. 
10:10  a.m. 

9:35  am. 

4:25  p.m. 

8:25  p.m. 

8:40  p.m. 

2:25  p.m. 

1 :10  p.m. 

2:45  p.m. 
11 :00  a.m. 

9:80  a.m. 
10:40  a.m. 
10:15  a.m. 

8:20  a.m. 

9:45  a.m. 
1 1 :05  a.m. 

2:30  p.m. 

8:00  p.m. 

1 :40  p.m. 
10:30  a.mi 

9:35  a.m. 


Ami, 
fed  lbs. 

% 
% 
% 
hi 

>^ 

% 

'^ 
hi 
hi 

M 

% 

% 
hi 
hi 
hi 
% 
% 
% 
hi 

hi 
hi 
hi 
hi 
hi 
hi 
hi 
hi 
hi 
hi 
hi 
hi 
% 
hi 

% 

hi 
V* 

V4, 

hi 

hi 

% 
hi 
hi 
'A 
% 

hi 

V4. 
V4, 

% 

V4 
V4 
hi 
hi 
hi 


Time  symptoms 
appeared 


Time  qf  death 
or  fecoffery 


'BruA 

Final 
rewit 

negatFf 


negatiT* 


nef«ti« 


negttin 


n«f»'J« 


IKfitJVt 


oefitiv* 


m^'^ 
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Animal 
No. 


700 


Wt. 


75 


S74 


94 


SIS 


84 


S91 


DaU 
5-16-21 
5-17-21 
5-18-21 
5-19-21 
5-25-22 
5-26-22 
5-27-22 
5-2S-22 
5-29-22 
5-80-22 
5-81-22 
6-  1-22 
6-  2-22 
6.  S-22 
6-  4-22 
6-  5-22 
6-  6-22 
4-80-21 
5-  1-21 
5-  2-21 
5-  8-21 
5-  4-21 
5-  5-21 
5-  6-21 
5-  7-21 
5-  8-21 
5-  9-21 
5-10-21 
6-11-21 
5-12-21 
4-80-21 

5-  1-21 
2-21 
8-21 
4-21 
5-21 
6-21 
7-21 
8-21 
9-21 

5-10-21 
5-11-21 
5-12-21 
4-80-21 

6-  1-21 
5-  2-21 

5-  8-21 

6-  4-21 
5-  5-21 

5-  6-21 

6-  7-21 
6-  8-21 
5-  9-21 
5-10-21 
5-11-21 
5-12-21 


5- 
5- 
5- 
5- 
5- 
5- 
6- 
5- 


Time 


10  a.in. 
05  p  m. 
15  p.m. 
85  p.m. 
45  p.m. 


10  KM)  a-m. 


13  

TABLE  I— Continued 

AmL 
fodUm. 


AS  p.m. 
80  a-m. 
45  a.m. 
80  a.m. 
80  a.m. 
15  a.m. 
;00  a.m. 
;80  a.m. 
00  p.m. 
00  a.m. 
80  a.m. 
00  a.m. 
10  am. 
;80  p.m. 
45  p.m. 
00  p.m. 
00  p.m. 
45  a.m. 
45  p.m. 
80  a.m. 
15  p.m. 
45  a.m. 
80  a.m. 
00  a.m. 
a.m. 
45  p.m. 
;00  p.m. 
00  p.m. 
80  p.m. 
00  p.m. 
80  p.m. 
80  p.m. 
;00  a.m. 
:00  p.m. 
:80  a.m. 
80  p.m. 
45  a.m. 
80  a.m. 
;80  a.m. 
80  p.m. 
80  p.m. 
15  p.m. 
15  p.m. 
80  am. 
;45  p.m. 
00  a.m. 
80  p.m. 
:80  a.m. 
80  p.m. 
00  a.m. 


hi 

% 
»4 
hi 
hi 
hi 
hi 
>4 
hi 
hi 
hi 
>4 
hi 
hi 
hi 
hi 
hi 
Vi 
hi 

% 
hi 
hi 
hi 

hi 
hi 
hi 
hi 
hi 
hi 
% 
hi 
% 

hi 
hi 
hi 
% 
hi 
hi 

hi 

hi 

hi 
'A 
hi 
hi 
hi 
hi 
hi 

hi 


TimstymptomM 
appeared 


Tinuoifdmth 
orrocovory 


Final 
r€9uU 


2.00  p.m.  5-21 


9:00  a.m.  5-23     recovery 


6-11 


6-18     recovery 


7:30  a.m    5-18 


8:00  a.m.  5-14 


death 


8:00  a.m.  5-13 


5:15  p.m.  5-13 


death 


2:30  p.m.  5-13 


8:00  a.m.  5-14 


death 


The  results  of  the  daily  feeding?  tests  recorded  in  Table  I  show :  (1) 
that  a  single  feeding  of  a  quarter-pound  of  the  sprin*r  rabbit-brush  has 
no  ill  effect  upon  a  sheep;  (2)  that  a  (juarter-pound  of  it  may  be  fed 
daily  to  a  mature  range  sheep  for  periods  of  from  two  to  ten  days  with- 
out causing  any  symptoms  of  poisoning;  (li)  that  a  quarter-pound  fed 
My  for  eleven  successive  days  will  make  a  sheep  sick;  (4)  that  the 
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same  quantity  fed  daily  for  twelve  or  thirteen  days  in  succession  will 
make  a  sheep  sick  and  may  kill  it. 

These  tests  show  that  the  poison  of  rabbit-brush  is  not  thrown  off 
immediately  by  the  sheep,  but  slowly  accumulates ;  in  this  way  small 
quantities  eaten  daily  may  finally  prove  fatal.  On  a  spring  rabbit- 
brush  range  where  sheep  eat  a  little  of  the  plant  daily  for  some  time, 
many  of  the  animals  will  be  apt  to  go  off  their  feed  and  become  sick, 
and  some  of  them  may  die. 


FIGUBE  7.    A  Sheep  Poisoned  by  Spring  Babbit-Brush 
Showing  First  Symptoms. 


TABLE  II— SHEEP 
Daily  Half-Pound  Feedings  of  the  Green  Growth  of  Spring  Rahbit-Brush 


Animal 

Wt. 

Amt. 

Time<kfdsath 

Final 

No. 

lbs. 

DaU 

Time 

fed  lh8. 

appeared 

orrecovery 

reeuU 

16 

71 

5-  7-18 

11:30 

a.m. 

Vt 

necative 

140 

92 

4-  5-21 

9:10 

a.in. 

% 

nesatiTC 

141 

99 

4-  5-21 

9:80 

a.m. 

Vi 

nes«tiTt 

142 

88 

4-  5-21 

10:80 

a.m. 

Vi 

nesatiTt 

157 

96 

4-26-21 

10 :80 

a.m. 

% 

4-27-21 

11:40 

a.m. 

y% 

nes«tiTt 

158 

96 

4-26-21 

10:40 

a.m. 

% 

4-27-21 

11:00 

ajn. 

% 

nesativv 

159 

98 

4-26-21 

9:00 

a.m. 

% 

4-27-21 

10:15 

a.m. 

% 

negati^ 

161 

98 

4-29-21 
4-80-21 
B-  1-21 

nesativ* 

162 

94 

4-29-21 
4410-21 

9:80 
10:80 

a.m. 
a.m. 

5-  1-21 

9:50 

a.m. 

Vi 

nesative 

163 

90 

4-29-21 
4-80-21 

1:20 
1:40 

p.m. 
p.m. 

5-  1-21 

11:80 

a.m. 

Vi 

nesativv 
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TABLE  U— Continued 


Animal    Wt. 

No.       Ibe. 

883  95 


692 


26 


325 


160 


379 


110 


70 


92 


91 


70 


Date 
4-30-21 

5-  1-21 

6-  2-21 

6-  8-21 
5-  4-21 
6-25-22 
5-26-22 
5-27-22 
5-28-22 
5-29-22 
6-28-18 
6-27-18 
6-29-18 
6-80-18 

7-  1-18 
4-80-21 
5-  1-21 
5-  2-21 
5-  8-21 
5-  4-21 
4-80-21 
5-  1-21 
5-  2-21 
5-  8-21 
5-  4-21 
4-20-21 
5-  7-21 

5-  2-21 

6-  8-21 
5-  4-21 


Time 

8:80  p.m. 

6:46  a.m. 

2:15  p.m. 
11 :50  a.m. 

2:80  p.m. 

2:80  p.m. 
10:30  a.m. 

2:45  p.m. 

8:46  a.m. 
11:35  a.m. 

1:30  p.m. 

3:80  p.m. 

3:80  p.m. 

1 :60  p.m. 

8:30  a.m. 
11 :00  a.m. 

6:15  a.m. 

2:15  p.m. 
11:45  a.m. 

3:00  p.m. 

2:40  p.m. 

8:00  p.m. 

9:10  a.m. 
11 :00  a.m. 

1 :30  a  m. 

2:40  p.m. 

6:15  a.m. 

2:05  p.m. 

1:46  p.m. 

2:30  p.m. 


AmL 
fed  lbs. 


Timeeymptome 
appeared 


8:00  a.m.  5-6 


8:00  a.m.  5-29 


Time  of  death 
or  recovery 


5-8 


Final 
result 


7-3 


2:30  p.m.  5-5 


6:10  p.m.  5-4 


6-8 


7-5 


5-8 


8:00  a.m.  5-5 


7:30  p.m.  5-4        10:30  a.m.  5-5 


death 


death 


The  facts  given  in  Table  II  show  that  a  single  feeding  of  a  half- 
pound  of  spring  rabbit-brush  has  no  effect  upon  a  mature  range  sheep ; 
that  daily  feedings  of  a  half-pound  for  two,  three,  or  four  days  do  not 
seriously  disturb  the  health  of  the  animal,  but  if  feeding  is  continued 
for  five  days  the  sheep  will  be  made  very  sick  and  may  not  recover. 

When  one-quarter  pound  was  fed  daily  it  took  a  total  amount  of 
about  3i  pounds  to  make  a  sheep  sick  or  to  kill  it;  with  half-pound 
feedings  it  took  a  total  of  2^  pounds.  The  tests  show  that  a  sheep  gets 
rid  of  this  poison  very  slowly ;  for,  while  it  took  over  twice  as  long  to 
cause  sickness  or  death  with  the  quarter-pound  as  with  the  half-pound 
feedings,  still  it  took  only  a  total  of  three-quarters  of  a  pound  more 
with  quarter-pound  feedings  to  cause  sickness  than  it  did  with  the 
half-pound  feedings. 

TABLE  III— SHEEP 
Daily  Three-Quart er-Pound  Feedings  of  Oreen  Growth  of  Spring  Rahbit-Brush 
wt. 


Animal 
No. 
342 


S50 


90 


92 


76 


DaU 
B-17-21 
5-13-21 
5-19-21 
6-25-22 
5-26-22 
6-27-22 
5-28-22 
6-17-21 
5-18-21 
5-19-21 
5-20-21 


Time 

4:00  p.m. 

4:00  p.m. 

3:20  p.m. 

2:45  p.m. 
10:00  a.m. 

3:00  p.m. 

8:15  a.m. 

4:30  p.m. 
11 :45  a.m. 

3:45  p.m. 

4:00  p.m. 


Amt. 
fed  lbs. 

% 
\ 

% 
% 
% 
% 
% 


Time  symptoms 
appeared 


3:45  p.m.  5:20 


8:00  a.m.  5-29 


Time  of  death 
or  recovery 


Final 
result 


11:00 


5-20 


5-25     recovery 


6-  8    recovery 


4:30  pjn.  5-22  death 
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FiaUBE  8. 


A  Sheep  Fatally  Poisoned  by  Spring  Babbit-BmslL  The  pic- 
ture shows  an  animal  which  is  Just  able  to  walk. 


FIQUBE  9. 


A  Sheep  Poisoned  by  Spring  Babbit-Brush  and  XJnable  to 
Keep  Upon  Its  Feet. 
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TABLE  III— CoiUummI 


Animal 

wi. 

Ami. 

Time  9vmpt4>rH9 , 

Tim€€fdtath 

No. 

lU, 

DaU 

TifM 

fedlU, 

appeartd 

802 

100 

6-17-21 
5-18-21 
5-19-21 

8:46  p.m. 
2  :80  p.m. 
2:45  p.m. 

5-20-21 

8:80  p.m. 

% 

8:45  p.m.  6-20 

8:00  a.m.  5-22 

82 

81 

5-17-21 
5-18-21 
5-19-21 

8:80  p.m. 
1 :00  p.m. 
4:15  p.m. 

5-20-21 

4  :80  p.m. 

% 

8:00  p.m.  5-20 

9:00  p.m.  5-22 

£99 

97 

6-17-21 
5-18-21 
5-19-21 

8 :00  p.m. 
2 :00  p.m. 
1 :80  p.m. 

6-20-21 

1:45  p.m. 

% 

10:00  a.m.  6-20 

9:45  a.m.  6-22 

Ftfud 
rtndt 


death 


death 


death 

Table  III  shows  that  three-quarters  of  a  pound  of  the  green  parts  of 
the  spring  rabbit-brush  fed  daily  for  three  days  in  succession  will 
probably  make  a  sheep  sick ;  while  if  the  same  quantity  is  fed  for  four 
days  death  is  apt  to  follow. 

TABLE  IV— SHEEP 
Daily  Feedings  of  One  Pound  of  the  Oreen  Growth  of  Spring  Rahhit-Brush 

Final 
reauU 
negative 

recovery 


death 


death 


death 


death 


AiUm4a 

Wt. 

Ami, 

Timeeymptome 

Time  of  death 

No, 

Urn. 

Date 

Time            fed  the. 

appeared 

22 

84 

5-  7-18 

11:48  a.m.              l 

695 

108 

6-  1-22 

2:00  p.m.               i 

6-  2-22 

10:16  a.m.               I 

6-  4 

6-  7 

8 

76 

6-  8-18 
6-  9-18 

8:80  p.m.               1 
8:10  p.m.              1 

6-10-18 

4:40  p.m.               1 

8:00  p.m.  6-10 

8:00  a.m.  6-18 

60 

96 

6-26-22 
5-27-22 

4:00  p.m.              1 
8:16  p.m.              1 

5-28-22 

8:00  a.m.              I 

2:80  p.m.  6-28 

J:00  a.m.  5-29 

878 

84 

5-28-21 
5-24-21 

4:00  p.in.              1 
4:00  p.m.              1 

5-25-21 

1 :80  p.m.              1 

5:20  p.m.  5-26 

8:00  a.m.  5-26 

696 

94 

5-26-22 
6-27-22 
5-28-22 

4:00  p.m.              1 
8:16  p.m.              1 
8:00  a.m.              1 

5-29-22 

8:80  a.m.              1 

8:00  a.m.  6-29 

9:46  a.m.  6-  2 

27 

70 

6-18-18 
6-19-18 
6-20-18 

8:45  p.m.              1 
8:20  p.m.              1 
4:80  p.m.              1 

6-21-18 

8:10  p.m.              1 

6-24 

6-26 

68 

85 

8-26-20 
8-27-20 
8-28-20 

4:00  p.m.              1 
9:80  a.m.              1 
9:00  a.m.              1 

8-29-20 

10:00  a.m.              1 

11 :20  a.m.  8-20 

8:00  a.m,  4-  1 

101 

100 

4-10-21 
4-11-21 
4-12-21 
4-18-21 

10:25  a.m.              1 
2:80  p.m.              1 
2:80  p.m.              1 
8:00  p.m.              1 

4-14-21 

2:80  p.m.              1 

4-15 

9:00  a.m.  4-16 

^698 

180 

5-i25-22 
5-26-22 
6-27-22 
5-28-22 

2:80  p.m.              1 
9:40  a.m.              1 
8:00  p.m.              1 
7:46  a.m..             1 

6-29-22 

4:80  p.m.              1 

2:80  p.m.  5-80 

6-7 

death 


recovery 

The  figures  given  in  Table  IV  show  that  a  single  feeding  of  one 
^und  or  of  a  pound  a  day  for  two  days  in  succession  will  have  little 
effect  upon  a  mature  range  sheep ;  but  feedings  of  a  pound  per  day  for 
three  successive  days  will  either  make  the  sheep  sick  or  kill  it. 

According  to  Table  I  where  one-quarter  pound  was  fed  daily,  it 
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FIQUBE  10.    A   Sheep  Down  After  Eating   Spring   Babbit-Brush    and 
Unable  to  Get  Up.    This  animal  died. 


riOUBE  11.  The  Final  Besult  of  Eating  Spring  Babblt-Bmsh  in  Rm^n 
Quantities  for  a  Prolonged  Period  or  Large  Quantities  DurUig  a  Shorter 
Interval, 


Digitized  by 


Google 


19  

took  a  total  of  about  3^  pounds  to  make  a  sheep  sick.  In  Table  II 
where  one-half  pound  was  fed  daily  it  took  2^  pounds  to  make  sick  or  to 
kill  In  Table  III  where  three-quarters  of  a  pound  was  fed  daily  it 
took  2J  pounds  to  make  sick  and  3  pounds  to  kill.  In  Table  IV  where 
a  fnll  pound  was  fed  daily  it  took  about  3  pounds  to  make  a  sheep  sick 
or  to  KU  it. 

Taken  together,  the  facts  of  the  whole  set  of  tables  show  that  the 
poison  is  eliminated  from  the  body  of  the  sheep  so  slowly  that  it  takes 
much  the  same  total  amount  of  the  plant  to  cause  severe  poisoning 
whether  the  plant  is  fed  in  small  quantities  during  a  period  of  twelve 
or  more  days  or  is  fed  in  larger  quantities  over  a  shorter  period. 


TABLE  V- 

-SHEEP 

Daily  Feeding  of  One  and  One-Half  Pounds  of  the  Orcen  Grotcth  of 
Hpring  Rabbit-Brush 

Animal  Wt. 
ATo.      Urn, 

DaU 

Tim4 

Ami. 
fedih*. 

Time  mr^ptoms 
appeared 

Time  t^f  death       Final 
or  recovery         reetUt 

18         84 

6-  9-18 

11 :20  a.m. 

IVz 

nesatlve 

1«2          76 

6-  6-22 

2:30  p.m. 

l'/4 

negative 

344          65 

&.26-21 

8:15  p.m. 

l'^ 

5-26-21 

7:80  a.m. 

IH 

10:00  a.m.  5-27 

0:00  a.m.  5-80           death 

423          80 

5-19-18 

8:25  a.m. 

1^ 

5-20-18 

1 :10  p.m. 

nt 

2  .45  p.m.  5-22 

8:00  a.m.  5-24          death 

4M          89 

6-  1-22 
6-  2-22 

6-  8-22 

1^ 

8:00  a.m.  6-  2 

6-10     recovery 

46          72 

5-19-18 
6-20-18 

1^ 

5-21-18 

1^ 

6-28 

6-26           death 

The  figures  given  in  Table  V  show  that  a  single  feeding  of  1^  pounds 
of  the  spring  rabbit-brush  will  not  make  a  sheep  sick ;  while  two  or 
three  such  feedings  on  successive  days  will  make  a  mature  range  sheep 
sick  or  will  kill  it. 

TABLE  VI— SHEEP 
Larger  Daily  Feedings  of  the  Green  Growth  of  the  Spring  Rabbit-Bnifth 


Anima 
No, 

I    WU 
Ibe, 

DaU 

Time 

Amt. 
fed  the. 

Time  aymptome 

Time  of  death 
or  recovery 

Final 
result 

€SS 

101 

6-  5-22 

8:16 

p.m. 

2 

6-  6-22 

10:00 

a.m. 

2 

6-  6 

8:00  a.m.  6-  8 

death 

IMO 

105 

8-26-21 

1:80 

p.m. 

2% 

8-27 

4-  2 

recovery 

W7 

102 

5-12-21 

11:80 

a.m. 

2^ 

6-18 

5-17 

recovery 

vm 

81 

6-  6-22 

4:80 

p.m. 

2H 

6-  7-22 

4:80 

p.m. 

2% 

8:80  a.m.  6-  0 

8:00  a.m.  6-12 

death 

72 

98 

6-  7-22 

8:00 

p.m. 

8 

6-11 

4:80  p.m.  6-11 

death 

24 

67 

5-81-18 

10:55 

a.m. 

8 

6-  1 

8:00  a.m.  6-  2 

death 

10 

82 

5-81-18 

11:10 

a.m. 

8% 

8:45  a.m.  6-  1 

8:45  p.m.  6-  1 

death 

702 

79 

6-21-22 

2:00 

p.m. 

8?4 

1:20  p.m.  6-22 

7  :60  a.m.  6-28 

death 

7W 

84 

6-21-22 

1:80 

p.m. 

8?4 

2:00  p.m.  6-22 

10:80  a.m.  6-28 

death 

689 

81 

6-20-22 

1:80 

p.m. 

4 

9:80  a.m.  6-22 

7:50  a.m.  6-23 

death 

%6t 

67 

6-20-22 

2:80 

p.m. 

4 

8:00  a.m.  6-22 

10:15  a.m.  6-22 

death 

The  figures  given  in  Table  VI  show  that  (1)  daily  feedings  of  2 
pounds  each  for  two  days  will  kill  a  mature  range  sheep;  (2)  a  single 
feeding  of  2^  pounds  will  make  the  animal  sick;  (3)  2^  pounds  fed 
daily  for  two  days  will  kill ;  (4)  a  single  feeding  of  3  pounds  may  kill ; 
(5)  single  feedings  of  3^,  3f,  and  4  pounds  are  fatal. 
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TABLE  VII— CATTLE 

g  Rabhit'Brush 

Titne€f<Uath 


Feedingi 

%  of  the  Ore 

en  Groici 

lU  of  Spring 

inima 

I    Wt, 

Amt. 

Time  eympto^ 

No. 

lb8. 

Date 

Time 

fed  We. 

appeared 

4 

150 

4-18-19 

10:80 

a.m. 

1 

6 

193 

4-18-19 

10:80 

a.m. 

2 

1 

140 

6-  2-19 

9:80 

a.m. 

6% 

166 

181 

4-80-21 

9:00 

a.m. 

2 

5-  1-21 

9:00 

a.m. 

2 

6-  2-21 

9:00 

a.m. 

2 

6-  8-21 

9:00 

a.m. 

2 

5-  4-21 

9:00 

a.m. 

2 

166 

164 

4-21-21 

9:00 

a.m. 

11 

1 

148 

4-18-19 

10:00 

a.m. 

1% 

4-19-19 

11:40 

a.m. 

1% 

4-20-19 

8:80 

a.m. 

2 

4-21-19 

10:80 

a.m. 

8 

81 

280 

6-  4-20 

6:00 

p.m. 

6 

6-  6-20 

9:00 

a.m. 

7% 

6-  6-20 

9:00 

a.m. 

4H 

6-  7-20 

9:00 

a.m. 

8% 

Final 
radt 
negative 
ncsative 
negative 


negative 
negative 


negative 


The  figures  given  in  Table  VII  show  how  little  effect  the  spring 
rabbit-brush  has  upon  cattle. 

For  five  days  in  succession  Animal  No.  166,  a  short  yearlingr  steer 
weighing  181  pounds,  was  fed  two  pounds  daily,  a  total  of  5|  per  cent 
of  its  live  weight.  At  the  end  of  the  five  days,  to  all  outward  appear- 
ance, the  animal  was  perfectly  well.  Animal  No.  31,  weighinpr  -^ 
pounds,  was  fed  a  total  of  20J  pounds,  or  7.4  per  cent  of  its  live  weight, 
in  the  course  of  four  days,  without  any  apparent  harm.  In  view  of 
the  results  from  the  whole  set  of  tests  with  cattle,  it  seems  clear  that 
under  range  conditions  little  or  no  damage  should  be  expected  from 
this  plant. 

Conditions  Under  WMch  Sheep  Are  Poisoned  by  the  Spring  Babbit-BniBh  on 
the  Range. 

Under  normal  conditions  rabbit-brush  is  very  distasteful  to  the 
average  range  sheep.  However,  when  sheep  are  hungry  and  there  u^ 
a  shortage  of  other  feed,  they  will  eat  it,  sometimes  in  large  quantities. 

A  shortage  of  desirable  feed  in  the  spring  may  occur  when  the  range 
is  partly  snowed  under  by  late  snows  or  on  range  that  has  been  over- 
stocked for  a  number  of  years.  Good  feed  will  evidently  be  short  where 
several  flocks  have  been  trailed  over  the  same  range;  for  the  first 
bands  eat  all  the  valuable  feed,  leaving  nothing  for  the  bands  which 
follow  but  the  distasteful  and  poisonous  plants.  Very  naturally,  too. 
feed  will  be  short  and  poisoning  may  occur  where  many  sheep  have 
been  held  on  a  small  area  of  range  around  dipping  plants,  shearing 
corrals,  shipping  points,  and  the  like.  In  general,  poisoning  and  death 
in  sheep  may  be  expected  on  any  sheep  range  where  good  feed  is  short 
for  any  of  the  reasons  mentioned  and  there  is  an  abundance  of  spring 
rabbit-brush. 

Methods  of  Preventing  Losses  of  Sheep. 

Range  losses  due  to  this  rabbit-brush  may  be  avoided  by  taking 
the  following  precautions :  In  the  first  place  hungry  sheep  should  not 
be  turned  onto  or  trailed  over  a  range  where  there  is  nothing  much 
but  the  spring  rabbit-brush.  Likewise,  they  should  not  be  kept  long 
on  range  where  this  form  of  rabbit-brush  is  common  and  the  rest  of 
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the  feed  is  so  short  that  they  will  eat  a  little  of  the  poisonous  brush 
every  day.  Then,  too,  after  sheep  have  been  snowed  in  for  several 
days,  it  is  a  good  plan  to  keep  them  off  all  rabbit-brush  range  until 
their  hunger  has  been  satisfied.  Around  shearing  and  dipping  corrals 
and  near  shipping  points  or  after  long  trips  on  the  ears  it  is  espe- 
cially important  not  to  hold  sheep  on  rabbit-brush  range.  These 
simple  precautions  will  prevent  most  of  the  losses. 

Remedies. 

The  effect  of  rabbit-brush  poisoning  upon  the  sheep  is  so  severe  that 
up  to  date  all  remedies  tested  have  been  a  failure. 

It  Is  Important  to  Know  the  Plant. 

It  is  evidently  of  great  importance  that  the  herder  shall  recognize 
the  spring  rabbit-brush  and  know  it  from  all  other  plants  on  the 
range.  He  should  realize  that  it  is  poisonous,  and  he  should  know  the 
conditions  under  which  sheep  will  eat  it,  and  the  poisoning  which  is 
apt  to  follow. 
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SECTION  II 

PreHminary  Studies  of  the  Chemistry  of  the  Poisonous  Principle 
of  the  Plant,  with  a  Detailed  Description  of  the  Symptoms 
and  Post-Mortem  Conditions  in  Poisoned  Sheep. 
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THE    CHEMICAL   NATUBE   OF    THE   POISONOUS   PRINCIPLE   OF    THE 
SPBINC  BABBIT-BBUSH 

A  survey  of  the  available  literature  indicates  that  little  attention  has 
been  paid  to  the  chemical  composition  or  to  the  active  principle  of  this 
plant.  Feeding  tests  have  shown  that  there  is  undoubtedly  a  substance 
present  in  the  buds  which  is  poisonous  to  sheep. 

Jacobsen  reports*  having  found  potash  in  the  ash  of  the  buds  of  the 
plant  equivalent  to  2  per  cent  of  the  weight  of  the  green  buds;  and, 
in  view  of  the  presence  of  abnormal  quantities  of  potash  in  the  liver, 
blood,  ascitic  and  pleuritic  fluids  of  the  body  of  sheep  poisoned  by  the 
plant  it  appeared  that  potash  might  be  the  cause  of  the  poisoning. 

To  test  this  assumption,  N.  F.  Peterson  of  the  Nevada  Station  fed 
large  doses  of  potassium  chloride  to  sheep  without  producing  symp- 
toms of  poisoning.  A  sheep  weighing  116  pounds  was  fed  1.28  ounces 
of  potassium  chloride;  the  following  day  none  was  given,  but  on  the 
next  day  another  dose  of  1.28  ounces  was  given.  The  total  quantity  of 
potash  fed  was  as  great  as  that  in  eight  pounds  of  the  green  plant,  of 
which  it  takes  less  than  three  pounds  to  kill  a  sheep.  Still  no  bad  effects 
followed  the  administration  of  the  potash.  On  another  occasion  Peter- 
son fed  to  a  sheep  the  following  doses  of  potassium  chloride :  first  day, 
50  grams ;  on  each  of  the  next  five  days,  25  grams ;  on  the  seventh  day, 
30  grams,  making  a  total  of  205  grams  or  7^  ounces  given  without  pro- 
ducing symptoms  of  poisoning.  This  is  equivalent  to  the  potash  in 
more  than  22  poimds  of  the  green  tips  of  the  spring  rabbit-brush. 

Recent  experiments  have  indicated  that  potash  is  not  the  cause  of 
poisoning;  and  that  some  organic  material,  probably  of  a  resinous 
nature  is  responsible.  The  following  paragraphs  give  a  summary  of 
the  work  done  recently  in  an  attempt  to  isolate  the  poisonous  principle. 

An  essential  oil  was  first  extracted  from  the  buds  and  tested  for 
poisonous  properties.  The  buds,  either  dried  or  fresh,  have  a  pene- 
trating aromatic  odor  peculiar  to  the  plant,  suggesting  the  presence  of 
an  essential  oil.  In  order  to  obtain  this  oil  a  quantity  of  the  dried- 
and-ground  buds  equivalent  to  331.5  grams  of  fresh  material  was 
steam  distilled  until  no  further  oil  could  be  seen  in  the  distillate. 

Small  drops  of  the  oil  could  be  observed  floating  on  the  surface  of  the 
distillate.  To  collect  the  oil  the  distillate  was  extracted  with  ether  and 
the  ether  evaporated  at  a  low  temperature  leaving  the  essential  oil.  By 
this  means  0.5219  grams  of  oil  were  obtained,  equivalent  to  0.157  per 
cent  of  the  green  weight  of  the  plant  used.  The  oil  was  brownish- 
yellow,  rather  viscous  when  cold  and  with  the  characteristic  odor  of 
the  plant.  In  order  to  test  its  poisonous  properties,  0.1975  grams  of  the 
oil,  a  quantity  equivalent  to  125  grams  of  the  fresh  plant,  was  given 
in  a  gelatine  capsule  to  a  rabbit  weighing  2,360  grams.  No  s^Tnptoms 
of  poisoning  followed. 

Some  buds  very  recently  air-dried  and  ground  were  steam  distilled 
and  there  was  obtained  a  quantity  of  oil  equivalent  to  0.133  per  cent  of 
the  weight  of  the  green  plant.  Of  this  oil,  0.4824  grams  were  suspended 
in  water  and  diluted  to  50  cc.  This  was  given  to  a  rabbit  weighing 
2,500  grams  by  means  of  a  stomach  tube  in  the  following  doses :  first 
three  days,  10  cc  each  day;  the  fourth  day  none;  and  10  cc  on  the 
fifth  day.    Each  10  cc  of  the  emulsion  represented  288  grams  of  the 
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fresh  plant.  The  rabbit  showed  no  symptoms  and  remained  in  good 
condition.  The  volatile  oil  obtained  by  steam  distillation  of  the  fresh 
plant  was  also  administered  by  N.  P.  Peterson  to  a  sheep,  but  without 
results.  From  these  experiments  it  would  appear  that  the  volatile 
constituents  of  the  plant  do  not  contain  the  poisonous  principle. 

In  order  to  determine  whether  alkaloids  are  present  in  the  green 
parts  of  the  plant,  a  chloroform  extract  of  the  ground  fresh  buds  was 
made  which  yielded  1.11  per  cent  of  extractives.  The  residue  from 
evaporation  of  the  chloroform  was  treated  with  dilute  sulphuric  acid, 
and  the  acid  solution  was  tested  with  the  common  alkaloidal  reagents, 
but  with  negative  results  in  each  case.  The  dry  plant  was  macerated 
with  dilute  sodium  hydroxide  and  steam  distilled.  The  distillate  gave 
no  reaction  with  silver  nitrate,  ferric  chloride,  or  any  of  the  alkaloidal 
reagents.  Another  portion  of  ground  air-dried  plant  was  macerated 
and  extracted  with  water  acidified  with  sulphuric  acid.  The  acid 
aqueous  extract  gave  no  reactions  for  the  presence  of  alkaloids  with 
the  common  reagents. 

As  the  poisonous  character  of  this  rabbit-brush  is  apparently  due 
to  neither  the  essential  oil  nor  to  alkaloids,  extracts  were  made  with 
several  standard  solvents,  and  their  properties  were  tested  in  order  to 
establish  a  method  by  which  the  active  principle  might  be  isolated. 

One  hundred  grams  of  buds,  which  had  become  wilted  in  the  labora- 
tory, were  ground  up  and  completely  extracted  with  petroleum  ether. 
The  solvent  removed  1.30  per  cent  of  the  fresh  weight  of  the  plant. 
The  substance  thus  removed  was  of  a  yellow  color  with  a  slightly  bitter 
taste  and  characteristic  odor ;  the  texture  was  sticky  and  resinous.  A 
capsule  was  filled  with  0.4520  grams  of  the  residue  equivalent  to  34.7 
grams  of  the  fresh  plant  and  fed  to  a  rabbit  weighing  1,340  grams. 
The  animal  was  etherized  to  facilitate  administration.  A  second  capsule 
was  prepared  containing  0.440  grams.  On  the  following  day  a  second 
capsule  containing  0.440  of  the  residue  was  given  in  the  same  manner; 
but  the  animal  collapsed  under  the  anesthetic. 

In  the  light  of  the  observed  action  of  the  plant  it  was  suggested  that 
perhaps  the  dose  administered  had  helped  to  cause  the  animal's  death. 

One  hundred  grams  of  the  ground  recently  dried  buds  equivalent 
to  292.4  grams  of  fresh  material  were  extracted  with  petroleum  ether. 
The  evaporation  of  the  solvent  left  3.4352  grams  of  residue  or  3.43 
per  cent  of  the  dried  material,  or  1.17  per  cent  of  the  green  plant. 
This  was  emulsified  and  suspended  in  water.  A  portion  of  the  suspen- 
sion corresponding  to  25  grams  of  air-dried  or  73.0  grams  of  the  green 
plant  was  administered  to  a  rabbit  weighing  1,550  grams  by  means  of 
a  stomach  tube.  On  the  second  day  another  portion  equivalent  to  the 
same  quantity  was  given  in  the  same  manner,  and  on  the  third  day  a 
third  dose  was  given.  The  animal  was  found  dead  on  the  morning  of 
the  fourth  day.  An  autopsy  showed  many  changes  of  the  same  char- 
acter as  those  found  in  sheep  poisoned  by  the  plant. 

The  petroleum  ether  extracted  plant  was  then  extracted  with  ether 
which  on  removal  of  the  solvent  showed  0.9614  grams  to  have  been 
removed.  The  ether  had  extracted  0.96  per  cent  of  the  air-dried  plant 
or  0.32  per  cent  of  the  green  material.  The  extracted  substance  was 
suspended  in  water;  the  equivalent  of  73.1  grams  was  given  by 
stomach  tube  to  a  rabbit  weighing  1,760  grams,  each  day  for  two  suc- 
cessive days ;  the  next  two  days  none  was  given,  and  on  the  following 
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two  days  two  more  daily  doses  equivalent  to  73.1  grams  of  the  green 
plant  were'  given.  The  animal  showed  no  symptoms  of  poisoning,  but 
continued  to  eat  and  remained  in  good  condition. 

A  chloroform  extract  was  next  prepared  from  the  plant  residue 
from  the  ether  extraction.  Chloroform  removed  2.3052  grams  of  mate- 
rial or  2.30  per  cent  of  the  dry  plant  or  0.78  per  cent  of  the  green 
material.  Three  doses  of  a  suspension  of  this  extract,  representing  73 
grams  of  fresh  material,  were  given  by  stomach  tube  to  a  2,500-gram 
rabbit  without  result. 

The  acetone  soluble  material  was  next  removed  and  there  was 
obtained  6.752  grams  of  2.30  per  cent  of  the  original  plant.  This  was 
suspended  and  given  to  a  rabbit  weighing  2,210  grams  by  means  of 
the  stomach  tube.  There  was  no  apparent  reaction  until  the  sixth  day 
after  the  final  administration,  when  the  animal  was  found  dead. 
Autopsy  disclosed  noticeable  venous  engorgement  of  the  peripheral 
vessels,  serous  vessels  of  the  peritoneum  and  abdominal  viscera.  There 
was  passive  congestion  of  the  lungs,  one  hemorrhagic  infarct  in  the 
left  lung.  Subserous  hemorrhages  were  absent  entirely.  Death  was 
apparently  due  to  cardiac  failure. 

An  alcoholic  extract  was  prepared  from  buds  which  had  been  air 
dried  and  kept  in  an  open  box  for  about  three  months.  The  extract 
was  shaken  out  with  several  portions  of  carbon  bisulfide  which  removed 
20.75  per  cent  of  the  solids  of  the  alcoholic  solution.  The  material 
dissolved  out  by  the  carbon  bisulfide,  representing  75  grams  of  green 
plant,  was  suspended  and  given  by  stomach  tube  to  a  rabbit  on  three 
successive  days  without  result.  The  material  not  dissolved  by  the  car- 
bon bisulfide  was  likewise  tested  without  result. 

Another  sample  of  the  dried  buds  which  had  been  on  hand  some  time 
was  extracted  with  petroleum  ether.  The  petroleum  ether  was  removed 
and  the  residue  was  treated  with  80  per  cent  alcohol.  Of  the  petroleum 
ether  residue,  58.37  per  cent  was  dissolved  and  removed  by  the  alcohol. 
The  alcohol-soluble  part  was  suspended  and  administered  in  the  usual 
way  in  three  daily  doses  without  effect.  The  part  insoluble  was  like- 
wise suspended  and  administered  without  action.  The  proportion  of 
extract  used  in  this  was  comparable  to  those  of  the  other  experiments. 

Ckmclnsioiis. 

These  preliminary  experiments  indicate  that  in  the  fresh  plant  and 
in  the  freshly  dried  plant  there  are  substances  which  may  be  removed 
by  petroleum  ether  which  have  an  action  on  rabbits  similar  to  that  of 
the  plant  upon  sheep;  also,  that  there  is  probably  another  substance 
present,  removable  only  by  acetone,  which  has  a  physiological  action. 

It  is  also  indicated  that  the  active  material  of  the  fresh  plant  soluble 
in  petroleum  ether  is  modified  or  destroyed  when  the  buds  stand  in 
the  dried  state  for  a  short  time,  with  the  result  that  the  petroleum  ether 
extract  is  no  longer  toxic  to  rabbits.  That  this  is  not  lost  by  volatility 
is  shown  by  the  fact  that  the  volatile  material  from  the  fresh  plant  is 
not  toxic. 

Prom  the  appearance  of  the  petroleum  ether  extract  it  is  probable 
that  the  toxic  material  is  resinous  in  character.  Further  experiments 
on  fresh  plants,  when  they  are  again  available,  may  show  what  the 
toxic  material  really  is,  now  that  it  is  known  by  what  solvent  it  may 
be  removed  from  the  plant. 
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SYMPTOMS  OF   POISONING  AND   POST-MOBTEM   CONDITIONS 

Methods  of  Feeding. 

Sheep  and  cattle  used  for  feeding  experiments  on  this  plant  were 
fed  in  two  ways : 

1.  Administration  of  the  entire  test  dose  of  the  plant  at  one  feeding. 

2.  Fractional  Feeding.     This  was  begun  after  the  lethal  dose  had 

been  determined,  and  consisted  of  dividing  the  lethal  dase  into 
equal  fractional  amounts  and  one  fraction  fed  daily  until  the 
entire  lethal  dose  was  consumed. 

In  some  cases  the  daily  dosage  was  as  low  as  one-fourth  pound, 
which  spread  the  feeding  over  a  period  of  twelve  to  fourteen  days.  In 
other  cases  the  daily  feedings  were  three-fourths  to  1^  pounds  for  a 
period  of  two  to  five  days. 

Symptoms. 

Animals  fed  an  entire  test  dose  at  one  feeding  and  which  later 
developed  symptoms  of  intoxication  usually  exhibited  definite  manifes- 
tations in  twenty-four  to  thirty-six  hours. 

Animals  fed  a  lethal  dose  in  fractional  amounts  during  a  period  of 
two  to  five  days  usually  manifested  symptoms  in  about  twenty  hours. 
This  was  slightly  earlier  than  in  the  case  of  animals  which  had  been 
fed  an  entire  lethal  dose  at  one  feeding. 

When  the  feeding  period  was  prolonged  to  twelve  or  fourteen  days 
and  the  daily  fraction  fed  was  small,  sjonptoms  of  intoxication  were 
usually  noticeable  either  three  to  five  hours  previous  or  very  soon  after 
the  last  fractional  dose  was  fed. 

The  first  symptoms  usually  observed  were  refusal  of  food  and  slight 
salivation.  These  sjonptoms  were  followed  by  irregular  twitching  of 
muscle  groups  of  the  shoulders  and  neck.  As  the  intoxication  becomes 
more  pronounced,  the  gait  becomes  unsteady,  and  incoordination  of 
the  limb  movements  is  observed. 

The  pulse  becomes  rapid,  attaining  a  rate  as  high  as  135  to  140,  and 
very  thready.  Elevation  of  temperature  appeared  in  all  animals,  but 
only  1  or  2  degrees  as  a  rule. 

In  the  cases  of  animals  which  were  fed  lethal  amounts  of  the  plant 
the  foregoing  symptoms  were  followed  by  prostration,  labored  respira- 
tion, coma,  and  death.  Death  was  due  to  cardiac  failure  after  an  illness 
of  twenty-four  to  thirty-six  hours. 

In  a  few  instances  animals  lingered  as  long  as  three  days.  Animals 
fed  small  amounts  of  the  plant  for  several  days  manifested  a  decidedly 
shorter  duration  of  illness,  death  ensuing  in  ten  to  eighteen  hours 
after  the  first  appearance  of  clinical  symptoms. 

Treatment. 

Attempts  to  treat  this  condition  clinically  were  made  on  three 
animals  without  success.    Further  work  along  this  line  is  contemplated. 

Necropsy. 

The  necropsy  observations  may  be  subdivided  into  two  headings, 
namely,  those  observed  in  animals  fed  a  lethal  dose  at  one  or  two 
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feeding  and,  second,  animals  fed  fractional  portions  spread  over  a 
period  of  several  days. 

In  instances  wherein  the  lethal  dose  had  been  administered  at  one 
or  two  feedings,  the  necropsy  observations  were  as  follows : 

Extensive  aggregations  of  punctate  hemorrhages  were  observed  in 
the  subcutaneous  connective  tissue  in  the  intermandibular  region,  sides 
of  the  neck,  in  the  peritracheal  connective  tissue  and  upper  costal  area. 
The  hTnphatic  glands  of  the  above  areas  were  hemorrhagic.  Pro- 
nounced venous  engorgement  of  the  subcutis  and  abdominal  and 
thoracic  viscera  was  fairly  constant  in  all  cases. 

The  small  intestines  usually  manifested  a  variable  degree  of  catarrhal 
enteritis  with  scattered  areas  of  congestion.  A  very  decided  odor  of 
Tetradymia  was  apparent  upon  opening  the  rumen.  The  liver  in  acute 
cases  or  those  receiving  the  entire  lethal  dose  in  one  to  three  feedings 
exhibited  slight  increase  in  size,  red  and  yellow  mottled  appearance 
and  friable.  Passive  congestion  was  a  constant  observation,  and  in  a 
number  of  cases  rupture  of  the  liver  capsule  had  occurred  as  a  result 
of  passive  hepatic  engorgement  with  resultant  fatal  hemorrhage  into 
the  abdominal  cavity.  One  case  of  rupture  of  mesenteric  veins  was 
observed. 

The  bile  was  slightly  turbid. 

The  kidneys  exhibited  a  low-grade  parenchymatous  nephritis. 

The  urine  was  normal  in  appearance.  In  some  cases  petechial 
hemorrhages  were  noticed  on  the  diaphragm.  The  lungs  uniformly 
manifested  severe  passive  congestion  and  marked  venous  engorgement 
of  the  bronchial  and  tracheal  mucosa. 

The  heart  exhibited  subepicardial  petechial  hemorrhages  along  the 
auriculo-ventricular  border  and  course  of  coronary  vessels.  The  heart 
manifested  acute  albuminous  degeneration. 

In  animals  fed  fractional  doses  for  a  period  as  long  as  twelve  to 
fourteen  days,  the  necropsy  observations  were  approximately  the  same 
as  in  the  foregoing  except  in  the  case  of  the  liver.  This  organ  mani- 
fested a  brownish-yellow  color,  little  change  in  size  but  friable,  and  a 
decided  appearance  of  fatty  degeneration.  A  few  cases  presented  the 
appearance  of  beginning  fibrosis  due  to  the  long  continued  presence  of 
this  toxic  substance  in  the  food. 

Conclusions. 

The  toxic  principle  in  Tetradymm  appears  to  be  cumulative  in  action 
as  demonstrated  by  fractional  feeding  experiments.  The  clinical 
i)bservation8  fail  to  present  sufficiently  defined  s^Tnptoms  by  which 
a  positive  diagnosis  of  Tetradymia  poisoning  may  be  made.  Necropsy 
examinations  disclosing  extensive  subcutaneous  hemorrhages  and  pete- 
chial hemorrhages  on  the  heart,  together  with  the  fatty  degeneration 
of  the  liver  and  characteristic  aromatic  Tetradymia  odor  which  arises 
upon  opening  the  rumen,  may  be  interpreted  as  characteristic  of  fatal 
intoxication  by  this  plant.  Additional  history  of  animals  having  pas- 
tured on  Tetradymia  gldbrata  areas  before  death  should  be  obtained 
before  making  a  positive  diagnosis. 
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SUMMAST 

(1)  The  low  larkspur  is  a  common  poisonous  plant  of  the  spring 
range  in  eastern  Oregon,  California,  and  Nevada.  It  is  poisonous  to 
cattle,  but  not  to  sheep,  and  causes  the  death  of  many  steers  and  cows 
every  spring. 

(2)  It  is  closely  related  to  the  larkspurs  grown  in  flower  gardens, 
and  has  much  the  same  appearance.  The  leaves  seem  ragged  because 
they  are  made  up  of  irregular  divisions  radiating  from  the  center. 
The  plants  come  up  very  early  in  the  spring  in  little  green  clumps  of 
leaves  here  and  there  among  the  rocks  and  sagebrush.  Later  in  the 
spring  the  deep-blue  flowers  shoot  up  above  the  leaves  in  one  or  more 
spikes  from  twelve  to  eighteen  inches  high. 

(3)  They  go  to  seed,  and  the  plant  then  dies  down  to  the  ground 
in  the  warm  days  of  early  summer,  but  comes  up  again  from  the  same 
root  for  several  years. 

(4)  This  larkspur  grows  in  sandy  or  gravelly  soil  in  the  sagebrush 
countrj'  of  the  foothills  and  the  lower  slopes  of  the  mountains. 

(5)  There  is  no  known  cure  for  poisoning  by  the  low  larkspur;  in 
fact,  the  dose  which  causes  illness  is  so  nearly  the  fatal  dose  and  the 
action  of  the  poison  is  so  prompt  that  there  is  usually  little  opportunity 
for  the  administration  of  remedies. 

(6)  Experimental  feedings  to  steers  showed  that  it  takes  from  20 
to  25  pounds  of  the  leaves  and  flowers  of  this  larkspur  to  poison 
seriously  or  to  kill  a  thousand-pound  animal  in  good  condition.  Weak 
and  half -starved  cattle  are  probably  poisoned  by  considerably  smaller 
quantities. 

(7)  Most  of  the  cases  of  poisoning  by  this  plant  are  due  to  the  fact 
that  the  ranges  where  it  grows  have  been  overgrazed  and  overstocked 
to  such  an  extent  that  the  cattle  are  obliged  to  eat  worthless  or  poison- 
ous plants  or  else  go  hungry.  Normal  cattle  in  good  health  ordinarily 
prefer  grass  to  larkspur. 

(8)  The  only  hope  of  prevention  is  in  giving  the  grass  a  chance  to 
come  back  on  any  overgrazed  foothill  ranges  which  may  be  under  con- 
trol and  in  keeping  weak  and  hungry  cattle  off  larkspur  ranges  in  the 
early  spring. 
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FIOUEE  1 
A  Fatal  Case  of  Larkspur  Poisoning 
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SECTION  I 


THE  LOW  LABKSPUB 

(Delphinium  andersoni) 
A  Plant  of  the  Spring  Rangei,  Poisonous  to  Cattle 

Of  all  the  poisonous  plants  found  on  the  ranges  of  eastern  Oregon 
and  California  and  western  Nevada  the  larkspurs  probably  cause  the 
heaviest  losses.     They  poison  large  numbers  of  cattle  every  spring; 


PIGUBE  2.  A  Larkspur  Plant  on  the 
Bange.  This  is  the  stage  of  growth 
in  which  it  is  most  dangerous. 

and  many  of  the  losses  are  avoidable.  It  is  the  purpose  of  this  bulletin 
to  give  stockmen  a  clear  idea  of  the  appearance  and  character  of  one 
of  these  deadly  plants,  the  common  low  larkspur  of  the  spring  range. 

As  soon  as  the  snow  leaves  the  foothills,  the  fresh  green  leaves  of 
this  larikspur  push  through  the  soil  in  clusters  here  and  there.    They 
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are  often  out  in  February;  and  in  March  and  April  on  overgrazed 
ranges  they  are  abundant  enough  to  make  up  far  too  large  a  part  of 
the  forage. 

The  fresh  green  leaves  have  a  rather  ragged  appearance,  because 
each  leaf  consists  of  a  number  of  partly  separate  divisions  radiating 
from  the  center  like  the  spokes  of  a  wheel.  Prom  the  clump  of  leaves 
a  single  flower-stem  grows  up  to  a  height  of  from  a  foot  to  eighteen 
inches.  The  leaves  are  dark-green,  the  leaf -stems  purplish,  the  flowers 
are  of  a  rich  blue  with  yellow  centers.  Each  single  flower  grows  on 
its  own  tiny  stem ;  there  are  five  deep-blue  petals ;  and  the  back  of 
the  flower  projects  into  a  short  blunt  tail  or  spur  which  gives  the  flower 
its  name. 

Other  Plants  Commonly  Mistaken  for  Larkspur. 

On  the  range  there  are  several  other  plants  which  men  handling 
live  stock  are  apt  to  mistake  for  the  low  larkspur. 

These  plants  are  the  waterleaf,  and  occasionally  the  lupine  in  its 
early  stages  of  growth. 

Figure  3  shows  a  growing  lupine  plant.  The  leaf  is  made  up  of 
several  perfectly  formed  leaflets  not  much  like  the  irregular  divisions 
of  the  larkspur  leaf.  Figure  4  gives  outline  drawings  of  typical  leaves 
of  lupine,  larkspur,  and  waterleaf. 

The  waterleaf  resembles  quite  closely  the  low  larkspur  before  either 
has  come  into  bloom.  These  two  plants  may  be  easily  distinguished 
from  each  other  by  comparing  the  leaves  as  in  Figure  4. 

Regions  and  Soils  Where  the  Low  Larkspur  Grows. 

The  low  larkspur  dealt  with  in  this  bulletin  is  found  in  southeastern 
Oregon,  Nevada,  and  California. 

The  mountain  foothills  and  the  bordering  sagebrush  range  form  the 
tj'pical  country  of  this  small  larkspur.  It  prefers  a  well-drained  soil, 
not  excessively  moist,  usually  a  sandy  loam.  Unlike  some  other  kinds 
of  larkspur  it  grows  in  full  sunlight.  Thus  it  is  found  in  the  open 
areas  between  the  sagebrush  bushes  or  right  next  to  the  sagebrush 
plant.  It  has  not  been  fgund  in  the  shady  groves  of  quaking  aspen 
and  alder  where  some  of  the  tall  larkspurs  grow. 

Later  in  the  season  in  the  higher  mountains  this  low  larkspur  may 
be  found  growing  abundantly  in  the  open  park-like  country.  However, 
most  of  the  cattle  poisoned  by  it  die  in  the  spring  on  the  sagebrush 
range  adjoining  the  higher  mountain  areas.  The  sagebrush  is  the 
plant  with  which  it  is  most  commonly  associated. 
Seasonal  Orowth. 

The  low  larkspur  makes  all  of  its  growth  during  the  spring  and  early 
summer  months.  It  is  very  unusual  to  find  any  of  the  plants  in  a 
green  growing  condition  after  the  middle  of  June.  In  the  foothills  it 
is  just  coming  into  bloom  by  the  first  of  May  in  normal  years.  By  the 
middle  of  May  the  lower  leaves  begin  to  fade  and  turn  yellow;  the 
seeds  are  soon  matured,  and  the  upper  part  of  the  plant  dies  and  soon 
disappears. 

Fortunately  the  period  during  which  it  may  cause  livestock  losses 
is  of  short  duration.    On  the  other  hand,  the  larkspur  commences  its 
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spring  growth  at  least  as  early  as  any  other  range  plant  and  conse- 
quently it  is  found  in  abundance  at  a  time  of  year  when  other  vegeta- 
tion is  short  and  scanty.  Thus  it  constitutes  a  much-dreaded  hazard 
on  many  of  the  early  spring  livestock  ranges. 

In  general,  it  may  be  said  that  this  low  larkspur  is  essentially  an 
early  blooming  and  early  maturing  plant.  It  soon  dies  to  the  ground 
and  ceases  to  be  dangerous  after  producing  flowers  and  seeds. 

Animals  Which  Are  Poisoned. ' 

All  our  experimental  feedings  with  this  low  larkspur  indicate  that 
it  is  not  poisonous  to  sheep. 

Under  ordinary  range  conditions,  horses  do  not  relish  any  kind  of 
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FIOXJBE  3.     A  Olump  of  Lupine  Leaves  in  Spring, 
mistaken  for  the  low  larkspur. 


Sometimes 


larkspur;  for  which  reason  they  seldom  eat  enough  at  one  time  to 
cause  serious  trouble.  Therefore  it  cannot  be  classed  as  an  important 
source  of  danger  to  horses. 

In  the  northern  half  of  the  State  of  Nevada  more  losses  of  cattle 
are  caused  by  the  two  kinds  of  larkspurs,  "low''  and  "tall,"  than  by 
any  other  plants.  In  the  southern  half  of  the  State  the  loco-weeds 
probably  rank  first.  Wherever  cattle  are  turned  upon  a  range  sup- 
porting an  abundance  of  larkspur  and  only  a  little  grass,  losses  will 
probably  take  place.  This  is  particularly  true  if  the  range  has  been 
closely  grazed  or  overgrazed. 


Digitized  by 


Google 


8  

Probability  of  Poisoning. 

In  the  experimental  feeding  tests  where  large  quantities  of  the  plant 
were  weighed  and  placed  before  cattle  it  was  observed  that  the  low 
larkspur  is  much  more  attractive  to  some  cattle  than  to  others.  Some 
animals  would  readily  and  quickly  eat  a  quantity  of  it  sufficient  to  kill. 
Others,  after  days  of  starvation,  would  eat  it  only  in  small  quantities, 
quite  insufficient  to  do  them  harm.  Then  there  were  others  which 
would  eat  it  in  quantities  which  would  make  them  sick,  but  would  not 
kill. 

These  tests  seem  to  indicate  that  on  the  range  the  danger  from  lark- 
spur poisoning  depends  not  entirely  upon  the  abundance  of  the  plant, 


FIGURE  4.  Leaves  of  Larkspur,  Waterleaf  and  Lupine.  The  lark- 
spur leaf  (on  the  left)  is  of  a  different  structure  from  that  of  tlie 
waterleaf  (in  center)  or  the  lupine  (on  the  right). 

but  also  upon  the  condition  of  the  cattle  and  the  number  of  them  which 
do  not  dislike  larkspur  as  well  as  upon  the  condition  of  the  range. 

The  Time  of  Tear  When  This  Larkspur  Is  Dangerous. 

All  of  the  feeding  tests  which  we  have  made  with  this  plant  show  that 
cattle  may  be  poisoned  by  it,  from  the  time  when  the  plants  are  suf- 
ficiently large  to  be  grazed  until  they  turn  brown  and  begin  to  ^wither. 
It  appears  to  be  a  little  more  poisonous  before  blooming  than  after  it  is 
in  full  bloom. 

The  Part  of  the  Plant  Which  Is  Dangerous. 

The  experimental  feeding  tests  made  during  the  past  three  years 
show  that  leaves,  stems,  flowers,  and  pods  are  poisonous,  but  that  under 
range  conditions  the  roots  are  not  dangerous. 

In  the  spring  of  1919  a  young  steer  weighing  312  pounds  ^vas  fed 
2  pounds  of  roots  on  May  2,  and  3  pounds  on  May  3,  without  any  bad 
effects. 
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On  April  28,  1921,  a  small  steer  weighing  287  pounds  was  fed  3J 
pounds  of  roots ;  on  April  29,  3  pounds ;  and  on  April  30,  2^  pounds — 
a  total  of  8f  pounds.  Apparently  this  quantity  of  roots  caused  no 
harmful  effects. 

It  was  with  great  diflBculty  that  the  steers  were  made  to  eat  such 
a  quantity  of  the  roots,  for  they  were  decidedly  distasteful — so  much 
so  that  it  appeared  very  improbable  that  range  animals  would  ever 
voluntarily  eat  a  poisonous  dose. 

On  a  sandy  soil,  where  the  principal  vegetation  consisted  of  sage- 
brush and  low  larkspur,  ten  large  dead  steers  were  found  which  had 
been  fatally  poisoned  by  eating  this  plant.  The  loose  top  soil  was  made 
up  mainly  of  sand;  still,  with  only  a  few  exceptions,  the  larkspur 
plants  had  been  grazed  without  the  root  system  being  pulled  out  of  the 


FIGUBB  5.  A  Waterleaf  Plant  in  May.  In  the  spring  this  plant 
looks  much  like  larkspur,  but  the  leaves  are  different  and  the 
pale  lavender  flower  grows  close  to  the  ground. 

ground.     The  few  roots  which  had  been  pulled  up  by  the  cattle  had 
not  been  eaten,  but  had  been  left  in  a  somewhat  mangled  condition. 

The  results  of  the  feeding  tests  with  roots  and  the  way  in  which  they 
are  rejected  by  cattle  show  that  it  is  the  tops  and  not  the  roots  which 
cause  poisoning. 

Amount  Necessary  to  Poison  Cattle. 

The  following  feedings  were  made  with  green,  partly  wilted  lark- 
spur plants.  The  average  length  of  time  that  it  took  the  animals  to 
eat  the  amounts  of  larkspur  recorded  for  each  animal  in  the  following 
table  was  from  an  hour  and  a  half  to  three  hours : 
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FIOUBE  6.    The  Low  Larkspur  in  Full  Bloom. 
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TABLE 

I 

Low  Larkspur- 

—Fresh  Green  Early  Growth  Fed  to  Cattle 

^IMMUU 

wu 

Ami, 

P&UfuUftd 
per  100  lU, 

,  Final 

No. 

Iba. 

SUHfufonnoth 

fBd,Um. 

animal  wt. 

rendt 

6 

208 

Before  blooming 

2ft 

1.20 

negative 

1 

186 

Before  bloomins 

2 

1.47 

negative 

< 

208 

Before  blooming 

2i 

1.28 

negative 

6 

208 

Before  bloomins 

2ft 

.   1.20 

negative 

28 

198 

2i 

1.88 

negative 

1 

186 

FuUbloom 

2 

1.47 

negative 

6 

217 

FuU  bloom 

21 

1.26 

negative 

6 

209 

PuU  bloom 

28 

1.81 

negative 

2S 

216 

FoU  bloom 

28 

1.27 

negative 

91 

642 

Before  bloomSns 

10 

1.84 

6S 

646 

Before  bloomins 

161 

2.69 

recovery 

2 

187 

Before  blooming 

8 

1.91 

recovery 

8886 

612 

Fall  bloom 

16 

2.61 

recovery 

640 

Full  bloom 

16 

2.60 

recovery 

8888 

606 

Full  bloom 

16i 

2.72 

recovery 

8889 

760 

FuUbloom 

16 

2.18 

recovery 

68 

646 

Full  bloom 

168 

2.68 

recovery 

8881 

668 

Before  blooming 

108 

1.64 

deatii 

888 

Before  blooming 

10 

2.67 

death 

661 

Befoi^  blooming 

16 

2.26 

death 

10 

602 

Full  bloom 

16 

2.49 

death 

191 

FuUbloom 

6 

2.61 

death 

212 

FuU  bloom 

5 

2.86 

death 

3882 

690 

FuUbloom 

16i 

2.76 

death 

2 

167 

FuUbloom 

8ft 

2.22 

death 

In  this  table  there  are  nine  feedings  which  had  no  visible  poisoning 
effect  upon  the  animal.  Of  the  nine  feedings,  five  were  made  with 
larkspur  plants  before  they  had  come  into  blossom  and  four  with 
plants  in  f\ill  bloom.  From  the  results  of  these  it  seems  improbable 
that  poisoning  will  occur  when  animals  in  good  condition  eat  as 
little  as  1.31  pounds  of  green  larkspur  per  hundred  pounds  of  body 
weight;  that  is,  a  thousand-pound  steer  should  apparently  be  able  to 
eat  13  pounds  of  larkspur  without  any  bad  effects.  A  weak,  half- 
stfitirved  animal  would  probably  be  poisoned  by  a  smaller  quantity  of 
larkspur. 

The  table  also  shows  eight  feedings  which  caused  symptoms  of 
poisoning  from  which  the  animals  soon  fully  recovered.  To  produce 
these  symptoms  it  took  as  an  average  2.11  pounds  of  green  larkspur 
without  flowers  and  2.51  pounds  of  larkspur  in  blossom  per  hundred 
pounds  of  animal  weight,  or  20  to  25  pounds  for  a  thousand-pound 
animal. 

Of  the  eight  fatal  feedings,  three  were  made  with  the  plants  in  full 
bloom  and  five  with  plants  which  had  not  come  into  bloom.  For  the 
plants  not  in  bloom  it  required  2.15  pounds  of  green  larkspur  per 
hundred  pounds  of  animal  weight  to  cause  death ;  and  for  the  plants 
in  full  bloom,  2.48  pounds.  These  figures  are  nearly  the  same  as  those 
given  for  cases  where  the  poisoned  animals  recovered;  and  it  is 
very  evident  that  there  is  but  little  difference  between  a  fatal  dose 
of  larkspur  and  a  quantity  which  will  make  the  animal  sick  but  will 
not  kill  it.  To  kill  a  range  cow  or  steer  weighing  1,000  pounds  it  would 
take  from  21  to  25  pounds  of  the  small  larkspur.  This  seems  like  a 
large  amount,  but  when  it  is  understood  that  the  green  larkspur  plants 
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FIQUBE  7.    Head  of  a  Steer  Poisoned  by  Larkspur.    Drooling  is  a 
common  symptom  of  larkspur  poisoning. 
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are  heavy  with  moisture  it  is  evident  that  a  steer  or  cow  on  the  range 
can  easily  and  quickly  gather  such  a  quantity. 

The  feeding  experiments  also  show  that  the  larkspur  plant  is  a 
little  less  poisonous  after  it  comes  into  full  bloom ;  for  it  takes  three  or 
four  pounds  more  of  the  plant  in  full  bloom  than  of  the  leaves  and 
buds  to  kill  a  thousand-pound  range  cow  or  steer. 

The  difference  is  of  little  or  no  practical  importance  in  view  of  the 
fact  that  soon  after  blooming  the  low  larkspur  of  the  sagebrush  country 
matures  and  disappears. 

Feeding  Tests  with  Sheep. 

For  many  years  it  was  believed  by  a  majority  of  sheep  meh  that 
the  larkspurs  were  poisonous  to  sheep.  At  one  time  the  larkspurs 
were  given  wide  publicity  as  being  responsible  for  losses  of  sheep, 
especially  during  the  early  spring  months.  However,  in  recent  years 
it  has  been  quite  firmly  established  that  the  larkspurs  are  not  poison- 
ous to  sheep.  In  order  to  remove  any  doubt  about  the  matter,  the  low 
larkspur  of  western  Nevada  was  fed  to  sheep  in  a  number  of  experi- 
ments whose  results  are  given  in  the  following  table : 

TABLE  II 
Low  Larkspur — Fresh  Green  Early  Growth  Fed  to  Sheep 

Andtnal 

jsfo. 

29 

29 

5S6 

S37 

342 

10O8 

10O4 

Aside  from  a  slight  loss  in  weight  all  of  the  six  sheep  used  in  these 
experimental  feeding  tests  showed  no  bad  effects  from  eating  the  lark- 
spur. Animal  No.  29  was  fed  4  pounds  on  one  day  and  5^  pounds  a 
few  days  later  by  a  forced  feeding  method.  On  each  occasion  these 
forced  feedings  caused  bloat;  but  this  would  probably  have  occurred 
if  the  same  quantity  of  any  other  green  plant  had  been  fed.  Animals 
Nos.  536  and  537  which  were  fed  smaller  quantities  than  No.  29 
showed  no  ill  effects.  Sheep  No.  342  was  fed  24  pounds  in  6  days; 
sheep  No.  1003,  21  pounds  in  7  days ;  and  sheep  No.  1004,  30  pounds 
in  10  days  without  any  injurious  effects. 

During  the  spring  of  1922  three  bands  of  ewes  and  lambs  were 
observed  grazing  on  a  range  where  this  small  larkspur  was  growing 
in  considerable  abundance.  The  other  plants  were  sagebrush,  grasses, 
and  a  scattering  growth  of  weeds.  After  grazing  for  about  two  weeks 
on  this  ran^e  the  larkspur,  along  with  the  grasses  and  weeds,  had  been 
almost  completely  removed.  In  two  weeks  not  one  case  of  poisoning 
in  e^wes  or  lambs  occurred  on  this  range. 

These  range  observations  and  the  feeding  experiments  make  it  seem 
clear  that  the  small  larkspur  is  not  poisonous  to  sheep. 

Symptoms  of  Poisoning  Among  Cattle. 

On  the  range  the  first  symptom  of  larkspur  poisoning  is  the  falling 
of  the  animal.    An  animal  which  goes  down  for  the  first  time  almost 


wt. 

Urn. 

Part  of  plant  Jed 

DaU 
fed 

Amount 
fed,  lbs. 

Amount 
per  100  lbs: 
animal  wt. 

Final 
result 

104 

Stems  ftnd  leaves 

8-28-19 

4 

8.84 

bloated 

101 

stems  and  leaves 

4-  2-19 

5i 

5.44 

bloated 

85 

Stems  and  leaves 

4-26-22 

2i 

2.94 

negative 

90 

Stems  and  leaves 

4-26-22 

2i 

2.77 

negative 

98 

Stems  and  leaves 

4-28—5- 

8 

24 

24.48 

negative 

96 

Stems  and  leaves 

4-24—4-80 

21 

21.87      • 

negative 

102 

Stems  and  leaves 

4-24—5- 

8 

30 

29.41 

negative 
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always  gets  up,  only  to  fall  again  after  walking  a  short  distance. 
After  going  down  the  first  time  the  animal  usually  walks  about 
with  the  hind  legs  spread  quite  widely  apart  and  with  a  more  or  less 
staggering  movement.  There  is  little  or  no  action  in  the  joints  of  the 
legs,  the  walking  movements  being  extremely  stiff. 

There  are  two  ways  in  which  the  poisoned  steer  or  cow  may  go 
down:  It  may  collapse  and  fall  suddenly  because  all  four  legs  give 
way  at  once;  or  the  front  legs  may  give  out  first  and  the  animal 
may  then  keep  itself  from  going  clear  over  by  resting  the  chin  or  the 
side  of  the  head  on  the  ground.  In  this  position  the  hind  legs  are 
usually  spread  quite  far  apart,  and  then  from  this  position  the  animal 
goes  completely  down.  In  some  cases  it  lies  flat  on  the  ground,  some- 
times raising  the  head  up  and  down;  and  often  the  whole  body  lies 
extended  with  little  or  no  muscular  movement  taking  place.     In  less 


FiaUBE  8.    A  steer  Kmed  by  Larkspur.       Tills  is  a  common  sight  on 
any  larkspur  range  where  cattle  graze. 

acute  cases  it  will  lie  with  its  head  erect.  Frequently  when  standing 
there  is  a  pronounced  quivering  or  muscular  trembling  over  most  of 
the  body,  especially  noticeable  in  the  muscles  around  the  nose  and 
mouth.  The  spasmodic  contortions  of  the  muscles  are  also  very  clearly 
seen  around  the  shoulders,  hips,  and  flanks.  There  is  oftep  a  belching 
of  gas  and  an  attempt  on  the  part  of  the  animal  to  vomit.  Frequently 
there  is  drooling  or  slobbering;  although  this  is  not  characteristic, 
and  the  drooling  is  not  nearly  so  profuse  as  in  cattle  poisoned  by  the 
death  camas.  Constipation  is  almost  invariably  present  and  is  rather 
acute. 
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Methods  of  Prevention  of  Losses. 

The  low  larkspur  described  in  this  publication  differs  greatly  in  its 
habit  of  growth  from  the  tall  larkspur.  It  grows  on  the  lower  sage- 
brush ranges,  scattered  thinly  here  and  there  in  the  open  spaces ;  but 
the  tall  larkspur  grows  in  dense  clumps  or  masses,  often  in  the 
shade  of  alders  or  quaking  aspens.  The  clumps  of  tall  larkspur  may 
profitably  be  grubbed  out,  but  the  small  larkspur  is  too  scattered  to 
make  grubbing  practicable.  Although  sheep  are  not  poisoned  by  the 
small  larkspur,  they  cannot  be  used  to  clean  it  up  before  cattle  go  on 
a  piece  of  range,  because  the  amount  of  forage  found  on  most  of  the 
low  lying  sagebrush  country  where  this  plant  grows  is  usually  very 
limited  and  scanty,  and  after  the  sheep  have  passed  over  there  is 
little  or  nothing  left  for  cattle. 

There  are  many  fenced  enclosures  on  the  early  spring  grazing 
grounds  where  this  larkspur  grows  abundantly.  Cattle  are  turned 
into  these  enclosures  shortly  after  the  snow  leaves  in  the  spring  and 
under  these  conditions  losses  have  occurred.  The  fatal  results  were 
due  to  the  fact  that  hungry  cattle  were  confined  to  a  small  area  where 
they  were  forced  to  eat  the  small  larkspur.  It  is  evidently  very 
dangerous  to  turn  cattle  on  spring  range  under  fence  when  the  grass 
is  short  and  larkspur  is  abundant.  For  example,  ten  large  two- 
year-old  steers  were  killed  in  a  short  time  on  such  pasture  before  the 
remainder  of  the  animals  were  removed.  There  was  still  enough 
larkspur  left  in  the  pasture  to  have  killed  between  50  and  75  large 
steers.  There  was  so  little  grass  on  this  piece  of  spring  range  that 
more  losses  would  certainly  have  occurred  if  the  animals  had  not  been 
removed. 

In  the  spring  many  of  the  stock  cattle  are  skin  poor.  Their  winter 
rations  have  been  scanty  and  often  of  a  constipating  nature.  The 
prolonged  scanty  ration  has  produced  an  abnormal  appetite.  These 
weak  cattle,  ravenously  hungry  for  green  feed  and  already  more  or 
less  constipated,  are  put  on  range  full  of  the  very  constipating  and 
poisonous  larkspur,  green  and  fresh.  Other  feed  is  scanty,  and  fatal 
poisoning  is  almost  certain  to  take  place — losses  which  would  probably 
not  occur  were  the  animals  in  a  fair  condition  of  flesh  with  normal 
appetite  and  bowels  working  regularly. 

After  cattle  have  been  kept  for  so  long  a  time  on  coarse  dry  feed 
that  they  are  weak  and  hungrj%  they  will  eat  many  plants  which  they 
will  scarcely  touch  when  they  are  full-fed  and  in  good  condition.  On 
ranges  where  there  is  plenty  of  grass  along  with  the  larkspur,  poison- 
ing is  not  likely  to  occur,  even  though  the  larkspur  plant  is  present  in 
abundance. 

Overstocking  and  overgrazing  are  the  real  causes  of  larkspur  poison- 
ing. Ranges  formerly  valuable  become  dangerous  when  the  most  pala- 
table and  nutritious  plants  are  removed  and  destroyed,  leaving  those 
which  are  worthless  or  actually  poisonous.  Spring  range  on  which 
f^ass  is  nearly  gone,  but  larkspur  is  abundant,  should  not  be  grazed  by 
hunjn:y  cattle  if  this  can  possible  be  avoided. 
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SECTION  II  (Technical) 

Facts  Concerning  This  Low  Larkspur  Which  Are  of  Special 

Interest  to  Chemists  and  Veterinarians 
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ALKALOIDAL  CONTENT  OF  DELPHINIUM  ANDEB80NI 

A  number  of  species  of  the  larkspurs  have  been  investigated  and 
have  been  found  to  contain  crystalline  and  amorphous  alkaloids. 
Plants  which  are  closely  related  to  each  other,  species  of  the  same 
genus,  often  contain  similar  substances  and  show  much  the  same 
properties.  For  this  reason  it  seems  probable  that  delphinium  ander- 
soni  contains  alkaloidal  poisons  similar  to  those  found  by  investigators 
in  other  larkspurs. 

The  physical  properties  of  the  poisons  obtained  by  Beath  (J.  Am. 
Pharm.  Assoc.,  7,  1918,  955-958)  from  D.  geyeri  (low)  and  2>.  subal' 
pinium  {D,  harheyi)  (tall)  show  striking  resemblances.  Delphinium 
geyeri  yields  amorphous,  alkaloidal  products  only,  while  D,  suhalpin- 
ium  yields  a  crystalline  alkaloid  only  in  the  early  stages  of  growth. 
It  was  reported  by  this  author  that  the  crystalline  alkaloids  combined 
with  an  acid  similar  to  aconitic  acid  to  form  an  amorphous  alkaloidal 
product,  the  toxicity  of  which  was  greater  than  that  of  the  crystalline 
alkaloid.  Delphinium  geyeri  was  found  to  contain  crude  alkaloids  to 
the  extent  of  1.5  per  cent  in  the  leaves  and  stems  of  early  growth.  The 
mature  stems  and  flowers  contained  0.7  per  cent  of  crude  alkaloids. 
Delphinium  suhalpinium  contained  smaller  quantities,  viz,  0.7  per  cent 
crude  alkaloids  in  the  early  growth  and  0.3  per  cent  in  the  mature 
leaves,  stems,  and  flowers. 

Delphinium  nehoni  was  reported  by  Loy,  Heyl  and  Hepner  (Wyo- 
ming Agr.  Exp.. Station,  23d  Ann.  Rep.  1913,  73-79)  to  contain  crude 
alkaloids  as  follows:  flower,  0.79  per  cpnt;  pod,  0.60  per  cent;  seed, 
1.27  per  cent;  leaf,  0.54  per  cent;  and  root,  0.49  per  cent.  In  D. 
glaucum  there  was  found:  flower,  0.77  per  cent;  leai,  0.62  per  cent; 
and  root,  1.79  per  cent.  In  D.  geyeri  there  was  found :  leaf  and  stem, 
1.15  per  cent ;  and  root,  0.93  per  cent. 

A  portion  of  a  lot  of  larkspur  collected  for  one  of  the  feeding  tests 
was  set  aside  for  the  determination  of  alkaloids.  Assays  were  made 
by  three  methods,  (a)  U.  S.  P.  method  (U.  S.  Dispensatory,  19th  Ed. 
p.  228)  for  the  assay  of  belladonna  leaves,  (b)  the  method  used  by 
Beath  (Wyoming  Agr.  Exp.  Station  Bui.  120,  1919,  p.  71),  and  (c)  the 
method  of  the  Bureau  of  Plant  Industry  (Bur.  Plant  Industry  Bui. 
102,  Part  VII)  which  was  devised  for  the  determination  of  nicotine. 
Moisture  determinations  having  been  carried  out  on  the  air-dried 
powdered  plant  material,  the  percentages  of  alkaloids  found  have  been 
calculated  to  a  water-free  basis.  The  alkaloids  were  calculated  to 
delphinin  (CaxH^^OjN).  The  results  obtained  by  these  methods  were 
as  follows: 

No.  Method  Alkaloids 

1  (a)  i.ir^c 

2  (a)  1.70% 

3  (a)  1.64% 

4  (b)  1.90% 

5  (c)  0.91% 

The  Bureau  of  Plant  Industry  method,  originally  devised  for  nico- 
tine, is  apparently  unsuited  for  the  determination  of  the  alkaloids  in 
this  plant,  as  indicated  by  the  low  results  obtained.  It  is  probable  that 
the  difficulty  of  complete  extraction  of  the  alkaloids  by  the  ligroin 
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(petroleum  ether  was  used  instead)  by  the  method  recommended  is 
largely  responsible  for  the  low  figure. 

The  content  of  alkaloidal  material  of  D,  andersoni  is  comparable  with 
that  found  for  D.  geyeri  as  reported  by  Beath. 

OUnical  Symptoms. 

Unmistakable  symptoms  of  illness  as  result  of  feeding  toxic  amounts 
of  larkspur  {Delphinium  andersoni)  appeared  in  fifteen  cattle  in  bm 
three  to  twenty  hours.  In  several  instances,  however,  the  exact  time 
of  occurrence  was  not  determined  because  they  first  appeared  some 
time  during  the  night  and  the  animals  were  found  to  be  visibly  affected 
early  the  following  morning. 

The  majority  of  animals  manifested  definite  clinical  symptoms  in 
four  to  ten  hours  after  ingesting  lethal  amounts  of  the  plant. 

The  duration  of  toxemic  symptoms  in  six  animals  that  died  was 
from  three  and  one-half  to  five  and  one-half  hours.  Two  animals 
developed  symptoms  and  died  during  the  night  without  being  observed. 
In  eight  animals  which  were  poisoned  but  recovered,  the  symptoms 
persisted  from  seven  hours  to  two  days.  These  animals  usually  were 
perceptibly  off  feed  for  twenty-four  hours  after  respiratory  distress 
and  incoordination  subsided. 

A  clinical  record  is  given  as  an  example.  A  two-year-old  red  short- 
horn steer  (No.  3883,  weighing  600  pounds)  was  fed  16^  pounds  of  the 
whole  plant  (leaves,  buds,  and  stems)  between  1  and  4  o'clock  in 
the  afternoon  of  May  16,  1922.  Observation  on  this  animal  was  main- 
tained until  late  in  the  evening.  At  8  o'clock  in  the  morning  of  May  17 
incoordinate  movements  in  the  hind  legs  were  evident. 
8 :45  a.m.    The  animal  dropped  to  the  ground. 

9:00  a.m.    Temperature  101.5.    Pulse  60.    Respiration  80.    Animal  quiet. 
9:20  a.m.    Temperature  100.9.    Pulse  55.    Respiration  24.    Recumbent 
9 :40  a.m.    Temperature  100.8.    Pulse  70.    Respiration  54. 
9:45  a.m.    Temperature  100.7.     Pulse  68.    Respiration  101.     Animal  restless. 

respiration  labored,  futile  attempt  made  to  rise. 
9:50  a.m.    Temperature  100.7.    Pulse  62.    Respiration  115. 
9:55  a.m.    Temperature  100.9.     Pulse  60.     Respiration  113.     Distinct  twitch- 
ing of  gluteal,  scapular,  and  cervical  muscle  groups. 
10 :21  a.m.    The  animal  arose  after  great  effort,  walked  about  ten  yards  with 
incoordinate  gait,  then  broke  down  In  the  hind  legs  and  fell 
with  fore  legs  spread  apart 
10:22  a.m.    Temperature  100.9.    Pulse  60.    Respiration  86. 
10 :30  a.m.    Temperature  100.8.    Pulse  60.    Respiration  116.    Muscle  twitching 

again  present. 
10 :45  a.m.    Temperature  101.9.    Pulse  62.    Respiration  80. 
11 :00  a.m.    Temperature  102.3.    Pulse  60.    Respiration  104. 
11 :15  a.m.    Temperature  102.2.    Pulse  63.    Respiration  144. 
11:40  a.m.    Temperature  101.0.     Pulse  58.     Respiration  148.     Animal   restless 
and  struggling.     Respiration   very  shallow  and   rapid.    lar^lJ 
through   the    mouth,    and    cheeks   ballooned.      Bloat    was   well 
marked,    and    cyanosis    of    visible    mucous     membranes    was 
observed. 
11 :50  a.m.     Temperature  98.    Pulse  59.    Respiration  148. 
12 :25  p.m.    Temperature  98.6.    Pulse  60.    Respiration  140. 
1 :05  p.m.    Temperature  100.    Pulse  70.    Respiration  144. 
1:35  p.m.    Temperature  101.4.    Pulse  90.    Respiration  130. 
2 :35  p.m.    Temperature  105.0.    Pulse  70.     Respiration  135. 
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3:05  p.m.    Temperature  104.2.    Pulse  85.    Respiration  138.    Auimal  straining 
in  eflPort  to  defecate  and  anus  protruded. 
Temperature  103.4.    Pulse  84.    Respiration  124. 
Temperature  103.0.    Pulse  74.    Respiration  110. 
Temperature  102.4.    Pulse  60.    Respiration  98. 
Temperature  102.0.    Pulse  60.    Respiration  100. 
Animal  standing  up,  but  very  weak  and  unsteady. 
Animal  recumbent,  but  quiet,  and  respiratory  effort  greatly  lessened, 
being  72  per  minute. 

Temperature  100.9.    Pulse  70.    Respiration  144.    Recumbent ;  made 
several  attempts  to  arise. 
3:00  p.m.     Temperature  101.2.     Pulse  66.     Respiration  60.     Animal  standing 
up  and  eating  hay.    Recovered. 

While  this  record  is  more  prolonged  than  the  average,  it  demon- 
strates the  great  respiratory  distress,  prostration,  and  moderate  bloat- 
ing observed  in  animals  showing  well-defined  symptoms  of  poisoning 
followed  either  by  death  or  recovery. 

After  the  approximate  quantity  of  the  plant  required  to  produce 
s>Tnptoms  of  poisoning  and  death  had  been  determined,  an  attempt 
was  made  to  find  some  form  of  remedial  treatment.  Animals  subjected 
to  treatment  were  permitted  to  develop  unmistakable  signs  of  incoor- 
dination, respiratory  distress,  and  prostration  before  the  treatment 
was  started.  The  animals  were  previously  fed  the  fresh  larkspur  plant 
in  doses  large  enough  to  produce  definite  symptoms  of  poisoning  or 
death. 

Animals  Nos.  3888  and  3889  were  used  for  experimental  remedial 

treatment. 

Case  I 

Animal  No.  3888  was  fed  16  pounds  of  the  whole  plant  at  4 :30  p.  m. 
May  18,  1922. 

At  6  a.  m.,  May  19,  this  animal  was  down  and  not  able  to  arise. 
Symptoms  of  shallow  rapid  respiration,  bloating,  and  great  distress 
were  especially  well  defined.  The  animal  was  permitted  to  remain 
undisturbed  until  2 :  40  p.  m.  the  same  day  when  remedial  treatment 
was  instituted.  The  animal  was  then  in  distress  and  not  manifesting 
any  improvement  in  the  condition  observed  during  the  early  part  of 
the  day.  One  grain  of  arecolin  hydrobromide  and  one-fourth  grain  of 
atropine  were  given  subcutaneously.  This  was  followed  almost  immedi- 
ately by  profuse  salivation,  which  continued  for  15  minutes  and  ceased 
entirely  after  an  interval  of  30  minutes. 

2 : 45-2 : 50  p.m.     Increased  eructation  of  gas  from  the  rumen  occurred  followed 
by  marked  increase  of'  Intestinal  peristalsis  and  reduction  of  pas 
distention  of  the  rumen.    During  this  time  the  tail  was  elevated 
as  In  normal  defecation.     Slight  tremor  of  gluteal  and  cervical 
muscle  groups  was  observed. 
3:00  p.m.    Temperature  102.6.    Pulse  90.    Respiration  2C. 
3:10  p.m.    The  general  distress  of  the  animal  was  greatly  relieved.     Respira- 
tion becoming  deeper  and  stertor  became  gradually  less  during 
the  following   half   hour;    and   there   were   periods   when   the 
animal  breathed  normally. 
4  :00  p.m.     There  was  a  general  cessation  of  distress ;    and  the  action  of  the 
alkaloids  Injected  subcutaneously  gradually  subsided.    The  eruc- 
tation of  gas  from  the  rumen  continued,  but  less  fre<iuently  than 
during  first  half  hour  after  Injection  of  alkaloids.     Cognizance 
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was  taken  of  flies,  and  the  sensorlum  was  greatly   improved 
Salivation  returned,  but  was  slight  in  amount  and  of  short  dura- 
tion.   Temperature  101.    Pulse  80.    Respiration  20. 
5:00  p.m.     Animal  still  recumbent  but  in  no  apparent  distress. 

May  20— 

8:00  a.m.     Animal  standing  up  but  weak.     Passed  several  small  amounts  of 
feces  during  the  night.     During  the  morning  this  animal  was 
turned  out  into  the  corral  with  other  steers;   but  it  partook  of 
very  little  food  or  water  during  the  remainder  of  the  day. 
May  21— 

Completely  recovered. 

Case  n 
Animal  No.  3889  was  fed  16  pounds  of  the  whole  plant  at  3  p.  m. 
on  May  9, 1922. 

May  20— 

8:00  a.m.    Recumbent    and    unable   to    arise,    stertorous    respiration,    gastric 

tympany,  and  general  depression.     Temperature  101.     Pulse  70. 

Respiration  90. 
11 :45  a.m.    Given   one-half  grain   of   arecoline   hydrobromlde   and   one-eighth 

grain  of  atropine  sulphate.     Animal  lying  stretched  out  on  its 

right  side  and  very  depressed. 
12:45  p.m.     Alkaloid  injection  did  not  salivate  the  animal.     The  position   had 

been  changed  during  the  preceding  hour  to  a  sternal  position, 

and  the  general  appearance  was  more  animated.     Refused  to 

arise. 
1 :00  p.m.     Same  dose  of  alkaloids  repeated. 
1 :10  p.m.    The  animal  arose  of  its  own  accord,  walked  a  short  distance,  and 

remained  on  its  feet. 
1 :25  p.m.     Eating  hay.    At  5  p.m.  appeared  entirely  recovered. 

The  treatment  of  these  two  animals  is  insufficient  evidence  to  warrant 
a  positive  conclusion  regarding  the  efficacy  of  such  a  line  of  treatment. 
Other  vegetable  alkaloids  may  give  equally  good  results. 

Post-Mortem  Lesions. 

Detailed  post-mortem  examination  of  animals  dead  as  result  of 
partaking  of  lethal  doses  of  larkspur  {Delphinium  andersoni)  did  not 
demonstrate  specific  lesions  which  would  be  positively  diagnostic  of 
larkspur  poisoning. 

Dead  animals  presented  an  external  appearance  of  marked  bloating 
with  cyanosis  of  the  visible  mucous  membranes  and  areas  of  the  skin 
thinly  covered  by  hair,  particularly  the  inguinal  and  perineal  regions. 

The  subcutis  manifested  a  decided  peripheral  venous  engorgement. 

Focal  areas  of  submucous  hemorrhage  and  congestion  were  found  in 
both  the  small  intestine  and  caecum.  Small  scattered  petechial  hemor- 
rhages were  noted  on  the  diaphragm  and  epicardium.  The  lungs 
exhibited  well-marked  passive  congestion. 

Death  resulted  from  failure  of  respiration. 

The  post-mortem  lesions  alone  can  be  interpreted  as  being  due  to  a 
rapidly  overwhelming  toxemia  closely  resembling  those  observed  in 
animals  dead  from  other  causes. 

Diagnosis. 

A  positive  diagnosis  of  larkspur  poisoning  should  be  made  only  when 
animals  have  been  known  to  graze  on  larkspur  areas  and  when  they 
exhibit  the  clinical  and  post-mortem  conditions  described  above. 
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FATTENING   LAMBS   WITH    BARLEY   AND   ALFALFA 


Every  year  in  Nevada  many  flocks  of  immature  range  lambs  are 
fattened  in  the  feed-lot.  Many  of  these  flocks  are  fed  a  finishing 
ration  of  alfalfa  and  barley.  It  is  the  object  of  this  bulletin  to  give 
information  concerning  the  gains  in  weight  and  the  financial  returns 
that  may  be  expected  from  the  feeding  of  alfalfa  with  barley  in 
varying  amounts  to  lambs.  The  facts  presented  were  obtained  through 
feeding  trials  made  at  the  Nevada  Station  and  from  records  kept  at 
lamb-feeding  corrals  located  in  various  parts  of  the  State. 

FEEDING  TBIALB  AT  THE  NEVADA  STATION 
Rations  Used. 

The  feeding  rations  used  at  the  Nevada  Station  included  (1)  alfalfa 
as  the  entire  ration,  and  (2)  alfalfa  fed  with  barley  in  quantities  of 
one-fourth  pound,  one-half,  three-fourths,  and  one  pound  daily. 

Lambs  Fed. 

The  lambs  used  in  the  feeding  tests  at  the  Nevada  Station  were 
grade  Corriedales.  They  were  all  sired  by  closely  related  pure-bred 
Corriedale  rams.  Ninety-eight  of  the  ewes  which  produced  the  lambs 
were  of  closely  related  cross-bred  Corriedale  and  Rambouillet  breeding 
with  ten  ewes  showing  the  Hampshire  and  Dorset  breed  characteris- 
tics. On  account  of  the  fairly  uniform  breeding  of  the  lambs  it  could 
be  expected  that  they  would  respond  more  evenly  to  a  fixed  feeding 
ration  than  would  lambs  of  mixed  or  promiscuous  breeding. 

Weig!hing  and  Feeding. 

The  lambs  were  held  in  corrals  without  water  or  feed  from  8  a.  m. 
until  2  p.  m.  before  the  first  weights  and  the  final  weights  were  taken. 

They  were  fed  twice  daily — 8  a.  m.  and  4  p.  m.  Water  and  salt 
were  before  them  at  all  times.  Twice  a  day  the  uneaten  hay  was 
removed  and  a  fresh  supply  was  given.  The  alfalfa  fed  was  second 
crop,  exceptionally  fine  and  leafy.  The  lambs  were  fed  in  combina- 
tion hay-and-grain  racks,  located  in  corrals  which  adjoined  an  open 
shed. 

Bestdts  of  Feeding  Trials. 

The  following  table  summarizes  the  feeding  tests  which  were  made 
during  the  winter  months  of  1920,  1921,  and  1922.  These  feeding 
trials  have  been  averaged  and  presented  as  one  feeding  test. 
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Fig.   1.     Lambs  Fed  Alfalfa  Only.     They  made  an  avera;j:e  daily  ^ain  of 
.17.').     To  make  1(H)  pouiuls  gain  they  <*onMumed  1742.S  ]>oun(ls  of  alfalfa. 
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Summary  of  70-day  Lamb-Feeding  Tests,  1920-1922 

LoTl  Lot  2  Lot8  Lot  4  Lot  5 

Alfalfa  Alfalfa  Alfalfa  Alfalfa 

Rations  Fed  Daily                         Alfalfa  Barley  Barley  Barley  Barley 

lib.  91b.  ilb.  ilb. 

Number  of  Lambs  per  lot 25  26  25  25  25 

Average  initial  weight  per  head 58.00  52.50  53.50  54.00  52.00 

Avera«re  final  weisrht  per  head 65.25  74.00  72.50  70.50  66.50 

Averaffe   total  gain  per  head 12.26  21.50  19.00  16.50  14.50 

Average  daily  gain  per  head 175  .307  .271  .285  .207 

Averaflre  daily  ration  (Ib«.  per  head)  — 

Alfalfa  offered 3.56  2.55  2.98  3.03  3.27 

Alfalfa  consumed 3.05  1.96  2.23  2.44  2.69 

Barley   1.00  .75  .60  .25 

Feed  required  per  cwt.  gain — 

Alfalfa  offered 2034.2  830.2  1097.8  1285.4  1578.6 

Alfalfa   consumed 1742.8  634.8  821.5  1035.1  1298.6 

Barley  325.6  276.3  212.1  120.6 

Feed  cost  per  cwt.  gain — 

•Alfalfa  offered $10.17  $4.15  $5.48  $6.42  $7.89 

Alfalfa  consumed 8.71  3  17  4.10  5.17  6.49 

•Barley  4.88  4.14  3.18  1.80 


Total  for  feed  offered $10.17  $9.03  $9.62  $9.60  $9.69 

Appraised  value  per  cwt $10.50  $12.00  $12.00  $11.50  $11.20 

Difference  between  feed  cost  and  sale  value 

per  cwt.  basis  feed  offered $0.33  $2.97  $2.38  $1.90  $1.61 

♦Alfalfa  $10  per  ton.     Barley  $30  per  ton. 

The  forejroinjr  table  shows  : 

(1)  That  the  poorest  and  least  profitable  jrain  was  made  with  alfalfa 
as  the  entire  ration. 

(2)  That  the  most  profitable  jrain  was  made  with  alfalfa  and   1 
pound  of  barley  daily. 

(3)  That  a  satisfactory  and  profitable  gain  was  made  with  alfalfa 
and  %  pound  of  barley  per  head  per  day. 

(4)  That  to  make  100  pounds  of  prain  it  required  with 
<a  )  Alfalfa  aloiu* — 

^-K/^  more  alfalfa  than  with  alfalfa  and  barley  4  1m)IUu1. 
it^/c  more  alfalfa  than  with  alfalfa  and  Imrley  A  ixnind. 
l^'2^/r  more  alfalfa  than  with  alfalfa  and  barley  I  pound. 
1749^  more  alfalfa  than  with  alfalfa  and  barley  1  pound. 
(b)  Alfalfa  and  barley  i  pound — 

2r//c  more  alfalfa  and  -k-VA  less  ;?rain  than  with  alfalfa  and  barley  ^  pound. 
^ti^/r  more  alfalfa  and  o(Y/f  less  ;?raln  than  with  alfalfa  and  barley  J  pound. 
HH'/r  more  alfalfa  and  (>2Vr  less  ^rain  than  with  alfalfa  and  barley  1  poimd. 
(«')  Alfalfa  and  barley  i  pound — 

liAV/r  more  alfalfa  and  2:V/r  less  j;rain  than  with  alfalfa  and  barley  3  pound. 
tvi%  more  alfalfa  and  M^y^r  le.ss  jrrain  than  with  alfalfa  and  barley  1  pound, 
(d)  Alfalfa  and  barley  f  pound— 

2!K^  more  alfalfa  and  ITZ/r  less  grain  than  with  alfalfa  and  barley  1  inmnd. 

(5)  That  to  produce  100  pounds  jrain  with  alfalfa  at  $10  per  ton  and 
barley  $30  per  ton  it  cost  for  feed  alone — 

(a)  With  alfalfa $10.17 

(b)  With  alfalfa  and  barley  i  ijound O.m) 

(r)  With  alfalfa  and  barley  A  pound JUM) 

(d)  With  alfalfa  and  barley  3  iK)und 0.(;2 

(e)  With  alfalfa  and  barley  1  jjound IMK't 
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Fig.  2.  Lambs  Fed  Alfalfa  and  Barley  One-Fouitli  Poiind  Daily.  Tbev 
made  an  average  daily  gain  of  .207  and  consumed  1298.6  pounds  of 
alfalfa  and  120.6  pounds  of  barley  for  each  100  pounds  gain. 
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(6)  That  100  pounds  of  gain  made  was  worth — 

(a)  With  alfalfa 110.50 

(b)  With  alfalfa  and  barley  i  pound 11.20 

(c)  With  alfalfa  and  barley  ^  pound 11.50 

(d)  With  alfalfa  and  barley  i  pound 12.00 

(e)  With  alfalfa  and  barley  1  pound 12.00 

(7)  That  the  difference  in  the  feed  cost  per  100  pounds  gain  and  the 
selling  value  of  the  100  pounds  gain  made  was — 

(a)  With  alfalfa |0.33 

(b)  With  alfalfa  and  barley  i  pound 1.51 

(c)  With  alfalfa  and  barley  i  pound 1.90 

(d)  With  alfalfa  and  barley  }  pound 2.38 

(e)  With  alfalfa  and  barley  1  pound 2.97 

(8)  That  1  pound  of  barley  for  fattening  purposes  was  worth  3.4 
pounds  of  alfalfa. 

(9)  That  with  the  two  lots  of  lambs  receiving  alfalfa  and  barley 
1  pound  and  %  pound  respectively  it  took  as  an  average  964  pounds 
of  alfalfa  and  300.9  pounds  of  barley — on  the  basis  of  feed  offered — 
to  produce  100  pounds  of  gain.  These  two  lots  of  lambs  were  quite 
equal  in  the  degree  of  finish. 

(10)  That  with  the  two  lots  of  lambs  receiving  alfalfa  and  barley 
14  and  1/4  pound  respectively  it  required  as  an  average  1,432  pounds 
of  alfalfa  and  166.3  pounds  of  barley  offered  to  put  on  100  pounds  of 
gain. 

The  following  figures  were  secured  from  selected  commercial  lamb- 
feeding  corrals  on  Nevada  ranches : 

Summary  of  Four  Lamb-Feeding  Operations  Involving  11,203  Lambs 

LoTl  Lot  2  Lor  8  Lor  4 

Number  of  Lambs 5586  488  3284  1900 

Number  of  days  on  feed ^ 84.2  72.0  47.0  90.0 

Average  initial  weight  per  head  (pounds) 60.8  58.3  74.0  65.0 

Arenge  final  weight  per  head 83.8  80.55  87.0  85.0 

Av«ra«e  total  gain  per  head 28.0  22.25  18.0  20.0 

Average  daily  gain  per  head „ 273  .809  .276  .222 

Alfalfa  fed  per  day  per  head ^ 2.50  2.80  4.0  2.60 

Barley  fed  per  day  per  head 738  1.0  .20  .52 

Feed  used  per  100  pounds  gain — 

Alfalfa  ^ 915.20  744.26  1446.15  1126.00 

Barley - .- 270.17  323.59  72.30  234.80 

Feed  cost  per  100  pounds  gain — 

Alfalfa - $4.57  $8.72  $7.23  $6.75 

Barley  5.40  6.47  1.30  8.74 

Total   $9.97  $10.19  $8.63  $10.49 

Financial  Statement  per  Lamb- 
Barley   .... $1.24  $1.44  $0,169  $0,748 

Alfalfa  « 1.05  .828  .94  1.85 

Purchase  price  per  head - ^ 3.04  2.91  7.77  6.85 

Labor  coat  per  head 152  .165  .176  .40 

Investment  interest  per  head 06  .058  .103  .117 

Investment  interest  per  head  grain  fed 024  .022  .001  .001 

Investment  interest  per  head  alfalfa  fed 02  .013  .012  .026 

Loss  per  head  from  death „ 096  .072  .082  .078 

Total  cost  per  head $5.68  $5.50  $9.25  $8.56 

SelUng  price  per  Lamb 6.57  6.44  9.78  9.85 

Net  profit  per  head  for  all  Lambs  purchased.       $0.89  $0.94  $0.53  $0.79 

Lot  1 — Alfalfa  $10  per  ton,  barley  $40  per  ton. 
Lot  2 — Alfalfa  $10  per  ton,  barley  $40  per  ton. 
Lot  8 — Alfalfa  $10  per  ton.  barley  $86  per  ton. 
Lot  4 — Alfalfa  $12  per  ton.  barley  $32  per  ton. 
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Fig.  3.  Lambs  Fed  Alfalfa  and  Barley  One-Half  Pound  Daily.  They  made 
an  avera«^e  daily  ^ain  of  .23,").  To  make  100  pounds  g^ain  tliev  eon- 
sumod  lO.'io.l  pounds  of  alfalfa  and  212.1  pounds  of  barley. 
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The  object  of  presenting:  the  above  fijjures  is  not  so  much  to  show 
the  daily  jjrains  that  may  be  expected  from  a  ^'wen  ration  as  to  show 
the  profit  that  may  be  realized  per  lamb  in  Nevada  under  quite  favor- 
able buying?  and  sellinjr  conditions  when  all  cost  items  are  considered. 

More  particularly  the  above  figures  show : 

(1)  That  Lots  1,  2,  and  5  fed  on  a  commercial  scale  correspond  very 
closely  in  daily  grains  and  the  amount  of  feed  required  to  produce  one 
hundred  pounds  of  «?ain  with  the  three  lots  of  experimental  lambs  on 
the  Station  Farm  receiving:  similar  rations,  alfalfa  with  one  pound 
of  barley,  three-quarters  of  a  pound,  and  one-half  pound  of  barley 
per  head  daily. 

(2)  Lot  3  made  a  much  higrher  g:ain  than  could  ordinarily  be 
expected  from  such  a  limited  amount  of  barley  fed  daily,  namely  one- 
fifth  of  a  pound  a  day.  However,  the  lambs  in  this  lot  were  fed 
exceptionally  leafy  alfalfa  in  a  daily  amount  which  \Vould  permit 
them  to  select  to  a  very  larjre  decree  the  most  nutritious  portions  of 
the  plants.  The  refused  alfalfa  was  removed  daily,  and,  further, 
several  times  each  day  the  alfalfa  was  turned  over,  permittin<r  the 
lambs  to  make  a  jrreater  selection  of  the  most  palatable  and  nutritious 
parts  of  the  plant.  This  lot  shows  that  when  a  feeder  has  an  abun- 
dance of  fine  stemmed  leafy  alfalfa  and  only  a  limited  amount  of 
jrrain,  a  profitable  use  may  be  made  of  the  alfalfa  by  methods  of  feed- 
ing: that  will  induce  the  lambs  to  eat  more  than  the  customary  amount 
of  the  most  nutritious  parts  of  the  alfalfa — the  leaves  and  flower 
stems.  The  refused  poi'tions  may  profitably  be  fed  to  stock  cattle  and 
horses,  thus  keeping:  all  waste  down  to  a  minimum. 

(3)  That  Lot  1  fed  2.00  pounds  of  alfalfa  and  .738  of  a  pound  of 
barley  daily  and  which  were  purchased  at  $5  per  cwt.  and  which  sold 
for  $7.85  per  cwt.  at  the  corrals,  a  <?ain  of  $2.85  per  cwt.,  made  a  net 
profit  of  89  cents  per  lamb. 

(4)  That  Lot  2  fed  2.30  pounds  of  alfalfa  and  one  pound  of  barley 
daily,  which  were  purchased  at  $5  per  cwt.  and  sold  at  the  corrals  for 
$8  per  cwt.  with  a  grain  of  $3  per  cwt.,  made  a  net  profit  of  94  cents 
per  head. 

(5)  That  Lot  3  fed  4  pounds  of  alfalfa  and  .20  of  a  pound  of  barley 
daily,  purchased  at  $10.50  per  cwt.  and  sold  at  the  corrals  for  $11.25 
per  cwt.,  a  g:ain  of  75  cents  per  cwt.,  made  a  net  profit  of  53  cents  per 
head.  The  marg:in  here  between  the  cost  price  and  the  selling:  price 
per  cwt.  is  low,  but  offset  by  a  comparatively  cheap  feeding:  ration. 

(6)  That  Lot  4  for  2.50  pounds  of  alfalfa  and  .52  of  a  pound  of 
barley  per  head  daily  and  which  were  purcha.sed  for  $9  per  cwt,  and 
sold  at  the  corrals  for  $11  per  cwt.,  a  grain  of  $2  per  cwt.,  made  a  net 
profit  of  79  cents  per  head. 

(7)  That  with  the  prices  which  usually  prevail  in  this  State  for 
alfalfa  and  barley  it  is  not  profitable  to  feed  immature  rang^e  lambs 
for  grain  in  weigrht  alone.  Ordinarily,  to  make  a  profit  there  must  be 
an  advance  in  the  selling  price  per  hundred  weigrht  over  the  purchase 
cost  per  hundred  weight. 

This  advance  in  the  selling  price  is  usually  brought  about  by  two 
factors:  (1)  that  the  finished  lamb  is  usually  worth  from  50  cents  to 
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Fig.  4.  Lambs  Fed  Alfalfa  and  Barley  Tliree-Fourtlis  Pound  Daily.  Tbey 
made  an  average  daily  gain  of  .271.  To  make  100  pounds  gain  they 
consumed  821.5  pounds  of  alfalfa  and  276.3  pounds  of  barley. 
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Fig.  5.  I«amb8  Fed  Alfalfa  and  Barley  One  Pound  Daily.  They  made  an 
average  gain  of  .307.  To  make  100  pounds  of  gain  they  consumed  634.8 
pounds  of  alfalfa  and  325.5  pounds  of  barley. 
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$1.50  more  per  cwt.  than  the  feeder  lamb,  and  (2)  due  to  supply  ami 
demand  there  is  normally  a  monthly  increase  of  about  40  cents  in  the 
value  of  lambs  from  November  to  March.  These  two  factors  are  vital 
to  the  lamb  feeder;  for  the  increase  in  value  by  monthly  perioik 
together  with  a  better  price  for  the  fat  lambs  over  the  feeder  lambs, 
determines  to  a  larjre  extent  the  profit  any  particular  lamb-feedinjr 
operation  w^ill  yield. 

Variations  in  Daily  Gains  of  Lambs  Fed  Same  Ration. 

There  is  a  very  marked  diflFerence  in  the  total  orains  for  a  jriven 
period  which  lambs  will  make  on  the  same  ration.  Out  of  120  lambs 
on  feed  for  90  days  the  variation  between  20  lambs  making  the  highest 
total  gain  and  20  making  the  lowest  total  gain  for  the  period  was  9.73. 
The  variation  in  the  daily  gains  of  lambs  on  the  same  ration,  aside 
from  going  off  feed,  etc.,  can  usually  be  attributed  to  one  or  more 
of  the  following  causes : 

(1)  Lambs  may  become  stunted  early  in  life  because  of  losing  their 
** mother  tallow''  due  to  an  insufficient  milk  supply  and  dry  feed. 

(2)  Lambs  may  become  stunted  because  of  dry  feed  during  mid-  and 
late  summer. 

(8)  Lambs  sired  by  inferior  rams  may  lack  the  inborn  tendency  to 
develop  rapidly  to  a  desirable  conformation  and  to  make  the  most 
economical  use  of  a  given  ration. 

(4)  Lambs  may  become  stunted  because  range  conditions  force  them 
to  drink  water  containing  a  high  percentage  of  alkaline  salts. 

(5)  Lambs  often  fail  to  develop  properly  because  they  are  forcetl 
to  graze  on  forage  plants  not  really  poisonous  but  highly  injurious. 
Sucli  plants  as  certain  species  of  awned  grasses,  the  awns  of  which 
become  lodged  in  the  organs  of  the  head,  interfering  with  proper 
eating,  rumination,  etc.,  and  certain  species  of  shad  scales  {Atriplex^ 
which  cause  destructive  bodily  action  when  grazed  in  large  quantities, 

(6)  Lambs  may  become  infested  with  stomach  worms  or  other  para- 
sites which  cause  derangement  of  the  bodily  organs. 

In  a  flock  of  lambs  all  from  the  same  ewe  band  a  general  comparison 
of  the  relative  numbers  of  well-developed  thrifty  lambs  and  of 
undeveloped  unthrifty  lambs  will  give  a  good  index  to  the  uniformity 
of  gain  that  the  flock  can  be  expected  to  make. 
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FOREWORD 

The  future  aj^ricultural  progrress  of  Nevada  will  depend  upon  the 
successful  development  of  new  irrigation  projects  based  upon  the  stor- 
age of  water  now  running  to  waste  in  winter  and  spring,  and  perhaps 
cjuite  as  much  upon  the  subdivision  and  colonization  of  certain  large 
ranches  with  recognized  water  rights  and  favorably  located  with  refer- 
ence to  markets  and  transportation. 

In  the  colonization  of  projects  of  either  type  the  difficulties  are  many. 
Grim  natural  obstacles  must  be  overcome  in  the  conquest  of  the  desert ; 
markets  must  be  found ;  and  difficult  social  and  financial  problems  must 
be  solved. 

The  subject-matter  of  this  bulletin  is  a  study  of  a  typical  small  recla- 
mation project  in  Nevada,  developed  by  the  courage  of  the  colonists 
and  the  foresight  of  their  leaders  under  conditions  not  nearly  so  favor- 
able as  those  usually  considered  necessary  for  success  of  new  projects. 
To  the  writer  of  this  bulletin,  J.  Carlos  Lambert,  as  a  representative  of 
the  Agricultural  Extension  Service  of  the  University,  we  should  give  a 
large  share  of  credit  for  the  degree  of  success  actually  attained.  Per- 
haps quite  as  much  credit  should  be  given  to  the  social  and  religious 
influences  thrown  around  the  colonists  by  the  church  organization  to 
whiph  most  of  them  belong,  and  to  the  encouragement  and  wise  counsel 
given  them  by  the  Southern  Pacific  Railroad  in  a  praiseworthy  effort 
to  develop  tonnage  and  traffic. 

The  bulletin  presents  the  results  of  a  detailed  survey  of  the  present 
status  of  the  Metropolis  project  in  Elko  County,  Nevada.  It  is  pub- 
lished in  the  hope  that  it  may  prove  of  value  to  students  of  the  prob- 
lems of  reclamation  in  western  America. 

S.  B.  DoTEN,  Editor. 
University  of  Nevada,  November  1,  1924. 
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The  First  Home  of  the  Settler. 


Only  a  Few  Years  Later. 
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THE    METROPOLIS    RECLAMATION   PROJECT 

INTBODUOTION 

Metropolis  is  located  in  Elko  County  in  the  northeast  corner  of 
Nevada.  The  district  lies  about  seven  miles  north  of  the  Southern 
Pacific  Railroad  and  ten  miles  northwest  of  Wells,  Nevada,  a  town  on 
the  main  line  of  the  Southern  Pacific.  A  branch  railroad  seven  miles 
long  connects  Metropolis  with  the  main  line. 

It  is  a  matter  of  history  that  the  transcontinental  railroad  was  com- 
pleted in  1869.  The  portion  between  Ogden  and  San  Francisco,  for- 
merly the  Central  Pacific,  is  now  part  of  the  Southern  Pacific  Railway. 
Ranching  began  in  Elko  County  when  the  railroad  was  under  con- 
struction, between  1860  and  1869. 

The  altitude  of  the  Metropolis  district  is  5,611  feet  and  the  soil  of 
the  region  is  a  light  clayey  loam  under  which,  in  places,  there  are  areas 
of  limestone  hardpan.  A  luxuriant  growth  of  sagebrush  covers  the 
ground.  There  are  no  pebbles  or  stones  and  one  may  plow  for  miles 
without  striking  a  rock.  There  is  an  abundance  of  grass,  for  an  arid 
region,  and  probably  no  better  cattle  range  exists  in  the  arid  west  than 
upon  the  hills  and  mountains  to  the  north. 

The  average  frost-free  period  is  107  days,  from  June  2  to  Septem- 
ber 17.     The  average  annual  precipitation  is  a  little  less  than  ten 

inches.^ 

HISTOBT 

It  was  not  until  1911  that  an  attempt  was  made  to  reclaim  the  land 
included  in  the  Metropolis  project.  At  this  time  the  Pacific  Reclama- 
tion Company,  a  corporation  composed  largely  of  eastern  capitalists, 
obtained  possession  of  thirty  or  forty  thousand  acres  of  land  at  the 
mouth  of  Emigration  Canyon  (Now  Bishop  Creek  Canyon)  and  con- 
structed a  dam  in  the  canyon  for  the  purpose  of  impounding  the  fiood 
waters  of  Bishop  Creek  for  use  in  irrigation.  A  townsite  was  laid  off 
and  a  hotel  was  built  at  a  cost  of  one  hundred  thousand  dollars. 

The  company  carried  on  an  extensive  advertising  campaign  all  over 
the  interniountain  country.  They  claimed  to  have  water  sufficient  to 
irrigate  30,000  acres  of  land.  Many  home-seekers  and  investors  came. 
The  hotel  was  filled,  and  the  homesteaders'  ** shacks''  could  be  seen  in 
every  direction.  In  addition  to  the  irrigated  land  the  company  claimed 
that  many  thousands  of  acres  of  sagebrush  land  could  profitably  be 
dry  farmed. 

During  1913  and  1914  the  population  reached  almost  1,000.  Soon 
it  became  evident  that  there  was  not  water  enough  to  irrigate  any- 
where near  the  30,000  acres.  Dry  farming  was  not  a  success.  Rodent 
pests  and  other  difficulties  incident  to  pioneering  in  the  west  were 
encountered,  with  the  result  that  the  settlers  began  to  leave. 

The  land  and  water  were  sold  for  $75  per  acre,  ten  per  cent  down 
and  the  balance  in  ten  annual  payments  with  interest  on  the  deferred 
pajTnent.s  at  the  rate  of  six  per  cent.  Many  of  the  settlers  did  not  have 
sufficient  capital  to  begin  with.  The  expense  of  clearing  and  breaking 
the  land  was  mounting  up,  and  few  farmers  were  able  to  get  a  cro[) 

'From  report  of  H.  F.  Alps,  United  States  Weather  Bureau,  Reno,  Nevada. 
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before  the  second  year.  Food  and  clothing  were  needed,  and  many 
of  the  settlers  were  obliged  to  leave  the  land  and  seek  employment. 

The  state  and  federal  governments  saw  the  sad  plight  of  these  settlers 
and  attempted  to  aid  them  in  every  possible  way.  In  1917  a  county 
agent  of  the  Agricultural  Extension  Service  of  the  University  of 
Nevada  was  stationed  at  Metropolis.  Seeing  immediately  the  hopeless- 
ness of  an  attempt  to  build  up  a  permanent  agricultural  indastry  bas»^il 
on  grain  farming,  this  agent  determined  that  the  dairy  industry-  should 
be  encouraged.  At  that  time  there  were  only  three  farmers  on  the 
project  selling  dairy  products.  Later,  dairying  became  the  principal 
industry. 

The  population  has  continued  to  dwindle,  even  up  to  the  pre.vnt 
time  (1924).     There  are  now  only  about  35  families  left. 

INFLUENCES  OF  THE  MOBMON  OHimCH 

In  spite  of  all  the  help  and  encouragement  given  by  the  str.t'*  and 
federal  governments  and  the  Southern  Pacific  Railroad,  the  writer 
firmly  believes  that  all  the  settlers  would  have  abandoned  the  project, 
if  the  social  and  religious  organization  of  the  church  had  not  given  them 
ho])e  and  held  them  together.  A  large  proportion  of  the  colonist^  were 
members  of  The  Church  of  Latter  Day  Saints.  A  ward  organization 
was  formed  in  the  early  days  of  the  project,  and  the  people  came 
together  often  for  worship  and  for  r(*creation.  These  people  have  ^rreat 
faith  in  their  leaders.  They  were  encouraged  to  struggle  alonjr  and 
not  give  up ;  tlieir  leaders  holding  before  them  a  promising  and  truth- 
ful picture  of  beautiful  fields  and  a  prosperous  community. 

The  amusements  fostered  by  the  church  were  many  and  varied ;  they 
served  to  take  the  minds  of  the  discouraged  farmers  off  their  troubles. 
There  were  dances  and  dramatics  and  concerts  by  home  talent  as  well 
as  religious  gatherings. 

A  CONSOLIDATED  SCHOOL  ESTABLISHED 

In  1912,  the  second  year  of  the  project,  a  $25,000  schoolhouse  was 
built  by  the  county;  and  both  grade  and  high  school  instruction  was 
begun.  The  Metropolis  schools  have  the  reputaticm  of  being  amon? 
the  most  efficient  in  the  State.  Practically  all  the  children  have  con- 
tinued in  school  until  they  finished  the  high  school  courses.  This  school 
system  has  been  a  strong  influence  in  holding  the  people  on  the  land. 

PUBPOSE  OF  THIS  STUDY 

This  study  was  planned  and  undertaken  for  the  purpose  of  securing 
a  careful  and  thorough  analysis  of  the  economic,  social,  and  home  con- 
ditions governing  new  irrigation  projects  in  Nevada.  The  irrigation 
district  at  Metropolis,  Nevada,  is  typical  of  a  large  group  of  projects  in 
the  intermountain  States. 

The  data  which  follow  were  obtained  by  a  survey  made  by  the  writer 
during  the  months  of  March,  April,  and  May,  1924.  The  tables  show 
the  condition  of  the  farm  business  on  this  project  in  the  year  19*J*],  in 
a  brief  and  convenient  form. 
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TABLE  No.  1 
Farms  of  Less  Than  80  Acres 
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TABLE  Ko.  2 
Farms  of  80  to  100  Acres 
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TABLE  Ko.  3 
Farms  of  160  to  320  Acres 

"j  "  j":  ^   ^   ? 

S   ?   I   ^   £ 
3   ^   -   ?   g 


146 
131 
78 
44 

80 
66 


79.2 


o 

$0 

• 

«-« 

5? 

n 

16 
'  60 
50 
25 
35 
10 


63  I  30 


20 


6 

8 
10 


3        

.5 

1 

8  28.2  21  2   6  3 


100  ■ 


140 
15 


i    (t 


C  "^ 

3 


$272 
911 
434 
1.128 
665 
622 
472 
49 


$615 


Digitized  by 


Google 


12 


TABLE  No.  4 
Farms  of  More  Than  320  Acres 


Total  farm 
acreage 
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Bailing  the  Sage — Sagebrush  land  is  commonly  cleared  by  dragging  it  with 

a  steel  rail. 


THE  OBOPS  WHICH  ABE  GBOWN  AT  BfETBOPOUS 

All  the  crops  that  may  be  grown  in  any  of  our  intermountain  valleys 
at  this  altitude  are  raised  at  Metropolis.  However,  the  principal  com- 
mercial crops  are  alfalfa  (two  cuttings),  wild  hay  on  the  wet  lands, 
small  grains,  potatoes,  sunflowers  (for  silage),  and  rye  grown  for  hay 
and  grain  on  dry  land  which  cannot  be  irrigated. 

The  grains,  wheat,  oats,  barley,  rye,  and  hog  millet,  do  not  yield 
heavily;  and  continuous  planting  to  one  crop  soon  depletes  the  soil. 
It  has  been  noticed  many  times  on  this  project  that  if  a  field  where 
grain  had  been  raised  for  several  years  is  summer-tilled  and  permitted 
to  lie  idle  for  a  year,  then  in  the  following  year  a  heavy  crop  of  grain 
or  potatoes  will  be  secured.  This  is  not  due  to  the  fact,  as  many  sup- 
pose, that  two  years'  moisture  has  been  conserved  for  one  year's  crop; 
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13  

for  this  is  not  the  case,  as  the  greater  part  of  the  moisture  actually 
escapes.  A  more  probable  explanation  may  be  found  in  the  fact  that 
the  summer  tillage  favors  the  growth  of  bacteria  in  the  soil  and  these 
bacteria  help  to  make  plant  food  available  which  has  not  before  been 
set  free. 

As  a  rule  alfalfa  produces  two  good  cuttings  per  year.  The  third 
crop  quite  often  grows  high  enough  to  be  of  considerable  value  for  fall 
pasture.  This,  of  course,  depends  upon  the  extent  of  the  w^ater  supply. 
Sometimes  the  late  summer  and  early  fall  are  unusually  dry.  There  is 
then  a  scarcity  of  water  for  irrigation,  and  there  is  no  third  crop  for 
pasture. 

All  kinds  of  vegetables  can  be  raised  in  the  soils  of  the  Metropolis 


* 

i 

iL/t_ 

^^^1 

1 

^^^Bml  .iX^^S^^^^BU 

^C'^ii 

E 

m-  ^ 

Baking  the  Sage — This  is  the  second  step  in  getting  rid  of  the  native 

vegetation. 

project.  Potatoes,  mangels,  sugar  beets,  cabbage,  and  cauliflower  grow 
exceptionally  well. 

A  study  of  the  four  tables  already  presented  will  show  that  with  a 
single  exception  the  labor  income  increases  with  an  increase  of  acreage. 
But  a  study  of  acreage  alone  is  not  a  true  indicator  of  the  size  and 
extent  of  the  farm  business.  Other  factors  must  be  considered,  such  as 
the  kind  of  crops  grown,  the  number  of  live  stock  carried,  the  amount  of 
work  done  by  horses  and  men,  and  the  capital  employed. 

One  notices  that  there  is  an  increase  in  alfalfa  and  wild  hay  acreage 
with  the  increase  in  the  size  of  the  farms,  and  a  decrease  in  the  grain 
acreage  as  the  size  of  the  farm  increases.  This  is  in  line  with  the  experi- 
ence of  the  community  that  the  growing  of  grain  beyond  that  needed 
for  home  consumption  is  not  profitable  and  should  be  abandoned,  and 
a  greater  acreage  devoted  to  forage  crops,  hay  and  silage. 
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NUMBER  AND  KIND  OF  LIVE  STOCK 

Nevada  is,  ag:rieulturally  speaking,  a  livestock  state.  Nearly  all  of 
her  live  stoek  are  range  cattle  and  sheep.  The  community  under  dis- 
cussion is  not  a  typical  Nevada  community  from  the  standpoint  of  the 
type  of  farming.  Many  of  the  farmers  on  this  project,  when  they 
began  fanning  a  few  years  ago,  had  no  stock  at  all,  and  others  had  two 
or  three  cows,  besides  a  team  and  a  few  chickens.  When  dry  farmiuo: 
and  grain  raising  on  irrigated  land  failed  to  return  profit^s  these  farm- 
ers turned  to  live  stock,  principally  dairy  cows. 

In  tables  five,  six,  and  seven,  the  farms  are  classified  with  referenee 
to  the  number  of  dairy  cows  carried  and  milked.  It  is  noted  that  with 
few  exceptions  the  number  of  other  live  stock  increases  with  the  number 
of  dairy  cows;  and  the  total  number  of  animals  increases  in  direct  pro- 
portion to  the  total  number  of  dairy  cows.  The  large  average  labor 
income  for  farmers  in  the  group  having  from  nine  to  twelve  dairy  cows 
is  accounted  for  in  part  by  the  fact  that  two  of  these  farmers  are  school 
teachers,  and  as  a  result  their  labor  incomes  are  large. 


TABLE  No.  5 
Farms  Having  Eight  or  Less  Dairy  Cows 
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TABLE  No.  6 
Farms  Having  9  to  12  Dairy  Cows 
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TABLE  No.  7 
Farms  Having  More  Than  12  Cows 
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SOUBCES  OF  CASH  INCOME 

Table  No.  8  shows  the  various  sources  of  the  farm  cash  income.  It 
is  noted  that  potatoes  are  the  chief  source  of  revenue  from  field  crops. 
All  the  farmers  grow  potatoes,  mostly  the  Netted  Gem  variety,  and 
ship  them  to  the  California  market. 

Practically  all  the  grain  and  ha}'  grown  are  fed  to  stock  and  are  not 
sources  of  much  direct  income. 
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196.00  $64 


1.000.00 


I  180.00 


640 
305 

1,200 
380 
480 
430 
720 
334 
640 

1.006 

1.200 
242 

1.000 


$146 
258 
625 
218 

22 
335 

59 
340 
106 
105 

36 

'"l8 
15 
318 
343 

"198 

60 

;  166 

1.720 

439 

244 

144 

154 

91 

41 

318 

3.825 

8 

1.162 


$66.00 


70.00 
43.00 


118.00 
13.00 


4.00 


12.00 
319.00 
190.00" 
700.00 
103.00 
20.00 
81.00 
200.00 
20.00 
25.00 


45.00 
206.00 
125.00 

50.00 


132.00 
86.00 


318.00 


$1,060.00 

$60.00  1,705.00 

413.00 

464.00 

.-- I    41.00 

187.00 
339.00 
112.00 
140.00 
300.00 
667.00 
484.00 
646.00 
392.00 
625.00 

34.00 

1.600.00 

.- 728.00 

505.00 

353.00 

513.00 

370.00 

163.00 

368.00 

700.00 

51.00 

40.00 

127.00         205.00 

50.00 

---.   ...        454.00 
360.00  I 


$1,889.00 
3.446.00 
2,475.00 
1,455.00 
1.296.00 
1.758.00 
1.432.00 
2.067.00 
1,127.00 

870.00 
1.767.00 

821.00 
1.165.00 
1.063.00 
1.740.00 
1.430.00 
4.050.00 
1.390.00 
1,643.00 
1.201.00 
3.823.00 
1.449.00 
1.198.00 

997.00 
1.914.00 

874.00 
1.099.00 
2.162.00 
7,136.00 
1,170.00 


A versflre.  $281.70         $68.60  i  $21.80  i  $27.40   $1.70     $680     $368     $77.60  I  134.60  |     $441.80     $1,804.20 

Cream  and  live  stock  are  two  principal  sources  of  income.  The  sale 
of  cream  is  undoubtedly  the  most  important  source  of  profit  for  these 
farmers.  The  cream  is  sent  to  the  Centralized  Creameries  located  in 
Elko,  Nevada,  50  miles  distant,  and  to  Reno,  Nevada,  350  miles  away. 
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The  price  received  per  pound  for  the  butter  fat  last  year  was  from 
five  to  eight  cents  higher  than  the  price  paid  for  butter  fat  by  the  Utah 
creameries.  In  August  of  last  year  these  farmers  were  receiving  fifty 
cents  per  pound  for  the  fat  delivered  at  the  creamery.  At  that  time 
the  condensers  in  Cache  Valley  were  paying  the  same  price  to  the  farm- 
ers for  butter  fat  in  the  milk  delivered  at  the  factory.  The  price  of 
butter  fat  in  the  same  cream  averaged  fifty  cents  for  the  entire  year. 

A  glance  at  table  eight  will  show  that  eggs  are  an  important  source 
of  income.  No  doubt  the  farmers  in  this  locality  could  very  profitably 
increase  their  poultry  flocks. 

The  figures  under  Miscellaneous  Receipts  in  table  eight  are  unusu- 
ally large  compared  with  the  receipts  which  farmers  living  in  other 
localities  receive  from  miscellaneous  sources,  so  that  table  nine  is 
included  for  purposes  of  clarification. 


TABLE  No.  9 
Sources  of  Miscellaneous  Income 

Farm  number 
1 

Manual 
labor 

Team 
work 

$500.00 
6.00 

Premiums 

Teaching 
school 

$660.00 
1.400.00 

County 
agent 

$1,000.00 

Pasturage 

2 - 

$300.66 
66.00 
24.00 
16.00 
36.00 

3             

$348.00 
40.00 
26.00 
152.00 
300.00 
12.00 
121.00 

4 - 

5 

466.65 

6 



i 

7 

8 

9 

26.66 
50.00 

14.00 
50.00 
19.00 

10 

11 

300.00 
667.00 
450.00 

34.00 
16.00 

I 

1 

12 

13.                 .                

100.00 
392.00 

630.00  1 

14... 

15                                ..  . 

626.00  ; 
2.00              32.00 

1 
1.600.00 

is::::::::::::::::::...:::::: 

17 

18.  .            

722.00 

6.66 

19 

500.00 
341.00 
500.00 

6.00  1                                             ! 

20  .     .       .            .           .        . 

$12.00 
S.OO 

21 

10.00 

1.00 

10.00 
50.00 
8.00 

22 

370.00 

23 

24 

163.00 
170.00 

1                       i 

j 

25 

26 

100.00 
50.00 

1 
1 

27 

28 

26.00 
126.00 

16.00 

1 

29.     . 

30. 

*     350.00 

96.00 

ANALYSIS  OF  THE  BUSINESS 

Tables  A,  B,  C,  and  D,  which  follow  are  an  attempt  to  analyze  the 
farm  business  from  the  standpoint  of  size  of  farm,  farm  balance,  pro- 
duction, labor  and  capital. 

PEODUOnVE  WORK  UNITS 

A  productive  man-work  unit  is  the  amount  of  work  necessarj'  to 
prrow  and  harvest  one  acre  of  hay,  one  cutting.  On  an  average  it 
requires  ten  hours  to  do  a  unit  of  work. 

All  kinds  of  farm  labor  have  been  reduced  to  units. '^  The  thirty-one 
farmers  under  consideration  averaged  343  productive  work  units  per 
farm.     This  number  is  considerably  above  the  average  in  the  United 

'Warren's  "Farm  Management,"  pp.  .'JoO-yo^. 
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States.  A  productive  horse-work  unit  is  the  amount  of  horse  work 
required  to  grow  and  harvest  one  acre  of  }ia.y,  one  cutting.  The  aver- 
age for  these  farms  was  68.1  productive  horse-w^ork  units  per  work 
animal.  The  productive  work-units  per  man  were  also  above  the 
average.     They  were  372.3  per  man. 

The  crop-acres  handled  per  man  were  63.8  acres,  and  there  were  ten 
acres  of  crops  harvested  per  work  horse. 

In  table  D  the  average  value  of  the  real  estate  on  each  farm  is  given 
and  the  average  of  these  averages  is  also  figured  out.  The  facts  seem 
to  .show  that  on  this  project  good  plow  land  with  water  is  worth 
around  $100  per  acre,  meadow  land  about  $50  per  acre,  and  sage  land 
about  $5  per  acre.^  The  per  cent  of  total  area  in  crops  averages 
56.4%.  The  value  of  the  barns  per  crop-acre  amounts  to  $3.51  and 
the  value  of  machinery  per  crop-acre  equals  $10.27.  There  were  9.88 
dairy  cows  per  farm  and  19  other  important  stocks.  The  man  equiva- 
lent per  farm  amounted  to  1.2. 

TABLE  A 
Size  of  Farm  Business 


Farm  number 


I   Product 

man-work 

units 


Acres 
of  crops 


264.3 

611.6 

306.2 

384 
414.4 

489 

208.2 

478 

467.6 

10 

233 

n 

224.2 

226.6 

13 

201 

14 

160 

15 

830.5 

16 

330.5 

17 

370 

18    

181.2 

19 

266.6 

20 

600 

23 

236.7 

22 

21 

618.7 

24 

240.2 

25 

866.6 

26 

260.6 

27 

626.2 

28 

496 

29 

30 

1.018 
241.6 

81  .     . 

569 

Arenise- _.. 

343 

Acres 
pastured 


40 

8 

68 

6 

41 

180 

66 

304 

73 

100 

37 

76 

66 

62 

64 

81.6 

38.6 

14 

67 

65 

76 

26 

58 
176 

29 

76 

47 

21 

66 

46 
146 

67 
246 

27.5 
130 


374 

7.6 
142 

65 

50 

30 

16 


6 

266 

10 

64 

6.5 
10 
66 
28 


100 
"*26' 


46 
363 
184 


80 


68.6 


92.4 


Animal 
units 


5 
10 
10 
23 

6 
62 

A 
14 
16 

8 
16 


20      I 

26      I 
8 

.1 

11 
10 
33 
13 

6 

7.5 
10 
35 
120 

7 
68 


Man 
equiva- 
lent 


2.8 

1.0 

1.5 

1.0 

1.67 

1.37 


1.26 

1.4 

6.6 

.6 

.8 

.6 

.5 
1.0 
1.8 
1.3 

.42 

.76 

.6 

.8 

.76 
1.6 


.8 
1.0 
3.5 

.9 
2.0 


19 


1.2 


Capital 


$10,247.00 
12.606.00 
7.720.00 
22.921.00 
10.162.00 
8.745.00 
6.086.00 
6.530.00 
10.222.00 
5.728.00 
10.436.00 
4.382.00 
6,153.00 
2.393.00 
6.969.00 
8.263.00 
12.262.00 
6.207.00 
6.706.00 
9.673.00 
7,967.00 
8.300.00 
26.456.00 
.  2.426.00 
5.403.00 
6.633.00 
11.809.00 
11,800.00 
36.220.00 
6.489.00 
16.917.00 


Labor 
income 


No.  of 
cows 


$883.00 
2.334.00 
1.496.00 
272.00  , 
606.00 
783.00 
296.00 
911.00 
434.00  . 
-272.00  ' 

49.00 
-772.00  I 
968.00 
686.00  I 
676.00  1 
628.00  , 
2.444.00 
1.301.00 
1.477.00  I 
472.00 
423.00  I 
43.00  ' 
1.128.00 
663.00 
1.341.00 
296.00  I 
666.00 
1.463.00  , 
695.00  I 
426.00  , 
622.00  I 


7.6 
10.6 
10.5 
12.6 
9.6 
12.0 
6.0 
8.0 
14.6 
6.6 
7.6 
6.0 
5.0 
8.6 
6.6 
.8 
12.0 

10.0 
7.0 
9.0 
8.5 
21.0 
10.0 
8.0 
6.5 
10.5 
15.0 
25.0 
5.0 
17.0 


$10,016.00  I     $753.00 


*In  comparison  with  the  actual  selling-prices  of  similar  land  in  other  portions 
of  Nevada,  these  figures  are  evidently  conservative — Editor. 
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TABLE  Bl 
Farm  Balance 


Farm  number 


Crop 

acres  per 

animal 

unit 


Pasture 

acref  per 

animal 

unit 
pastured 


Crop 
index 


1 

2 

3. 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 

Average 


2.0 
2.5 
1.1 
1.76 


0.7 
0.4 
6.2 
9.0 


'              4.36 

% 

3.9 

12.0 

46 

2.14 

121 

3.0 

10.2 

« 

2.4 

2.2 

68 

4.2 

4.6 

156 

2.8 

1.6 

65 

2.2 

1.5 

97 

2.8 

75 

0.8 

0.4 

67 

9.9 

8.8 

37 

2.0 
2.0 

IM 

10.0 

92 

2.0 
4.1 

102 

0.8 

95 

9.8 

3.5 

36 

1.0 

2.5 

166 

1.23 

1  47 

54 

36.6 

79 

0.9 
4.8 

^ 

2.0 

71 

3.3 
6.5 

53 

2:6' 

46 

1.1 

7.3 

& 

1.7 

4.6 

122 

3.0 
1.6 

124 

i.6 

105 

2.7 


85 


Farm 
number 


1  . 

2.. 

3. 

4-. 

5. 

6.. 

7.. 

8-. 

9.. 
10.. 
11. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19. 
20.. 
21.. 


Averasre  . 


200 
111 
171 
60 
100 
180 
164 
120 
110 
150 


22 

80 

23 

176 

24 

26  -- -. 

70 
100 

26 

100 

27 

200 

28 

150 

29 

200 

30 

31 

110 

TABLE  B2 
Production 


Yield  of  important  crops  per  acre 

Alfalfa  {wild  bay  I   Wbeat   I     Oats     I   Barley 
tons  tons        bushels     bushels     bushels 


1.0 
2.0 
2.0 


1.0 
3.0 


1.6 
3.0 
1.12 
1.5 
1.75 
1.5 
.8 
2.0 
1.5 
2.8 
1.5 


4.0 


2  5 
2.25 
1.5 
.66 
1.5 

2.0  ; 

3.75 

2.5 

1.0 


1.8 


25 


12 


48 


1.76 


33 


20 


1.3 
1.0 


27 
'44" 


31 
26 


2.26 


20 


1.0 


1.6 


34 


100 


1.39  1 


28.2 


$80.00 
58.00 
93.00 
55.00 
72.00 
66.00 
43.00 

144.00 
41.00 
43.00 
79.00 
7.00 
58.00 
69.00 


25.00 
33.00 
12.00 

106.00 
43.00 
67.00 
42.00 
56. CO 
43.00 
90.00 
51.00 
61  00 
66.00 

100.00 
48.00 
69.00 


23.5  I 


160.00 


130.00 
24  00 
4700 
13  00 

7.00 
16  00 
20.00 
10.00 
16.00 
S4  00 

700 
26  00 

15  00 
7.00 
500 

15.00 
69.00 
15.00 
23.00 
17.00 
14.48 
24  00 
26  00 
6.00 
4.00 
2000 
16.00 
9.00 
12.00 
15.00 

16  00 


$18.01 
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9.. 
10„ 
11.. 
12.. 
13.. 
14.. 
15  . 
16.. 
17.. 
18.. 
19.. 


21... 
22... 
23.. 
24.. 
25... 
26... 
27... 
28... 


30.. 
31.. 


TABLE  C 

Labor 


Farm  number 


Animal      Productive 
Productive  .,  units,  ex-   h'.rse  work 

work  units  ^\rji  ^^^^  I  cept  work     units  per 
per  man       Per  man   \   animals.  work 

I    per  man        animal 


Crop 

acres  per 

work 

animal 


Average  „ 


!     330 

50 

2..5 

59 

13.0 

511 

68 

37 

61.7 

11.6 

384 

56 

23 

1.4 

2.5 

,     204 

27.3 

11 

28.6 

6.8 

'     248 

49.6 

7.7 

73.1 

18.0 

367 

73 

23.4 

30.4 

9.0 

364 

62 

17 

26.9 

7.4 

290 

58 

10 

29 

8.8 

1     334 

46.4 

16 

49.7 

13.0 

353 

94 

15 

31.4 

12.2 

1     448 

128 

22.5 

21 

6.5 

282 

39 

11.3 

28 

6.6 

1     336 

64 

14 

23.4 

7.7 

300 

28 

33 

116 

4.0 

330 

67 

28 

32 

11.0 

260 

50 

13 

168 

6.0 

285 

58.6 

20 

19 

6.0 

431 

65 

15 

28 

6.5 

1     335 

.77 

1.5 

42 

13.8 

833 

293 

16 

58 

19.0 

1     342 

45 

31 

9.1 

3.5 

296 

36 

16 

13.4 

3.8 

1     6W)   , 

100 

20 

48 

13.6 

;     400   ' 

35 

24 

9.7 

2.3 

1     730 

130 

20 

63 

13.0 

268 

6.1 

10 

32.8 

9.0 

,     404 

11 

13.1 

94.9 

29.0 

496 

67 

40.2 

20 

6.4 

'     291 

70 

38 

31.8 

16.0 

!     302   , 

47 

9.5 

46 

10.6 

I     280 

65 

38.7 

22.2 

16.2 

372.3 

63.8 

19.3 

68.1 

10.0 

TABLE  D 

Capital 


Farm  number 


Value  of 

real  estate 

per  acre 


Per  cent 

of  total 

area  in 

crops 


'   Value  of 
I  bams  per 

animal 
I       unit 


Value  of 
barns 

per  crop 
acre 


Value  of 

machinery 

per  crop 

acre 


I 


1 

$76.00  1 
100.00 
40.00 
22.00  1 
93.00  1 
100.00 

60 

72   L. 
14 

14   1 
91   1 

$12.00 

$6.25  1 
9.00 
2.44 
6.00  , 
6.86  ! 
4.00  1 
4.68^ 

$62  50 

2 

8  62 

8 

10.00 
10.00 

4.26 
29.00  1 
10.00 

9  83  1 

8.30 

4 

8  30 

5 

10  27 

6 

15.00 

7 

100.00 
86.00 
40.00  1 
33.00 
76.00  1 
50.00 

100.00 
67.00 
13.00  1 
72.00 
21.00  I 

100.00 
50.00  1 
30.00 
83.00  , 

100.00 
37.00 
86.00 
34.00 
83.00 
48.00 
19.00 
56.00 
98.00  1 
47.00 

92 

33   1 
32 

51  1 
64 

52  1 
96 

70   |. 
19   . 
81 

17    ! 

65   ' 

72 

73 

27 

48   |. 

47 

91  , 

62   ' 

70   . 

73   i 

15 

56 

88   , 

57 

11  80 

8 

2  44 

9 

7.00 
6.80 
4.44 
12.44 

3.00 
1.61  1 
1.56 
6.87 

3.60 

10 

4.60 

11 

14.86 

12 

17  00 

13 

6.20 

14 

12.60 

15 

' 

4  40 

16 

3.13 
2.60 
4.00 
3  60 
8.32   . 
6.32 

i.53  ' 

1.60  , 

2.00 
.88  , 
.85  1 

5.22 

6.00 

17 

6.26 

18 

16.66 

19 

10.33 

20 

4.26 

21 

7.50 

22 

11.20 

23 

8.53 
2.95 
3.32 

1 

2.33 
3.32  1 
.77 
1 

0.00 

24 

12.09 

25 

9.05 

28 

4.90 

27 

4.57 
4.14 
10.22 
4.00 
3.95 

.68 
7.46 
6.10 
1.33  1 
2.46 

3.25 

28 

4.48 

29 

8.13 

30 

8.16 

31 

8.00 

Averaire 

$62.80 

66.4 

$7.36 

$3.51 

$10.27 
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TABM  EXPENSES 

The  expense  for  hired  labor  aniono:  these  farmers  is  very  low.  Vari- 
ous reasons  may  be  assigned.  First  the  farmers'  families  are  fairly 
large,  and  the  older  children  are  able  to  help  out  with  the  farm  woii, 
especially  during  the  four  summer  months.  Again,  the  low  prices 
received  for  many  farm  products  and  the  high  wages  demanded  by 
farm  help  has  been  very  discouraging  to  the  producer,  and  as  a  conse- 
quence production  has  been  curtailed. 

The  expenditures  for  new  buildings  and  repairs  have  likewise  been 
low.     These  expenditures,  however,  do  not  fully  show  the  improvements 


A  Wheat  Field  on  the  Metropolis  Project. 

and  repairs  which  have  actually  been  made.  Good  second-hand  rail- 
road ties  can  be  obtained  near  at  hand  for  five  to  ten  cents  each :  and 
several  of  the  farmers  have  built  very  substantial  stables  and  even 
houses  of  these  ties  at  a  very  small  outlay  of  money. 

The  expense  for  horse-shoeing  is  small  and  the  cost  of  fire  insurance 
premiums  amounts  to  only  $3  per  farm. 

Table  10  below  gives  a  detailed  account  of  all  the  expenses  of  the 
thirty-one  farms.  Generally  speaking,  the  expenses  are  low\  Taxes 
are  low  in  comparison  with  land  of  the  same  quality  in  other  parts  of 
Nevada. 
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TABLE  lOA 
Farm  Expense 

1 

Farm  number                 ^^J 

Board        v^o^      Value  of  i    m^„*k 
for  day       ^ear       ^^^^^^     Month 

help          '^^^P      year  help      "^'^ 

Work  and 
board  help     Ba^s 
of  farm 

1  $16.00 

$6.00 
26.00 

[                     1 

2 ,      600.00 

' 1 

$126.00   

3 

i i   ...     . 

370.00  1 

4 '        20.00 

5 ;        91.00 

1                     i 

240.00    

Sfi.on 

1 

300.00 

6 '        26.00  1        12.66 

1 

160.00  I 

7 

. 

8 1 

260  66  1          $7.66 

9 : ! ::::.:::::..-. 

::::::::::!::::::::::"::: 

490.00    

10 1 

400  00  i 

11 :.::::.:::::::::.::: :::::::::: 

300.00    

12 1        46.00             S-00 

.   .           $i76.66 

90.00 

13 1        80.00 

14 

1 

1 

40.00    

15 ; 

1 

300.00 

16 1      100.00          30.00 

::::::::::l:::: :::::: 

126.00  ' 

17 ._ 

.  . .   1    . 

............ 

900.00 

18 ...  

25.00  1          20.00 

19 i 

' 

20 60.00 

21 100.00 

::::::  :!::::::::::|::"::::::: 

50  00 

' 1 

660.66    

22 ' 

1 

23 1 

..::'.. 1 

100.00  1 

24 

1 ' 

25. w 60.00  i        14.00 

■       1 

200.00              5.00 

26 17.00  1 

27 170.00          20.00 

::;;;:;;:;i::;::::::::::::;:;; 

28                  ...                   ....  .. 

1 

175  00  1 

29 

$726.06  j     $186.00         480.00 

760.00 

30. _ 47.00           10.00 

300.00  1            7.00 

81- 100.00 

' 

800.00 

Avcraife '      $49.00 

1 

$6.00 

$23.00 

$6.00  i  $21.00 

$219.00            $1.00 

TABLE  lOB 
Farm  Expenses 


Farm  No. 

Breeding 
fees 

New 
buUdiPRS 

Repairs 

Cash 
rent 

Freight 

Hay 

Grain 
bought 

Feed 
grinding 

Fence 

1  ' 

1 :.....J '.....^.. 

2                .     .— 

$20.00 

$20.00 

$36.66 
6.00 
2.00 

3      . 

.--- ... 

$670.00 

4 

6.00 

$26.66 

$76.00 
260.00 
216.00 

30.00 
360.00 

70.00 
540.00 
101.00 

76.00 



$1.00 

5                  





$6.00 

S::::::: \ 



... 



31.00 

50.00 

7       

300.00 

86.66 

8            

7.66 



150.00 
20.00 

4.00 

2.00 

9                

100.00 

2.00 

10 



12.00 



$36.00 

11 

61.66 

1.66 

1.00 



1.00 

12 

6.66 

iro.oo 

10.00 

126.66 


17.00 

IS 



1.00 

14                   

1 

876.00 

25.00 
170.00 

10.00 
154.00 

40.00 
160.00 

62.00 
6.00 

40.00 

65.00 

15            

3.000.00 



290.00 

16       . 

1.00 

1?              _: 1 

160.00 
36.00 

18 - 

19                  

18.00 

21.00 



22.00 
6.00 

43.00 

:::::::::: 

""16^66' 
3.00 

20  ""  -  

1 , 1 

6.00 

21                    .     . , 

60.00 

1.00 

22                 -     1-  -    -- 



280.00 

3.00 

23 

36.00 

66.66 





24                

25 

90.00 

3.00 

771.00 

166.66 
50.00 

16.00 
26.00 

30.00 
2.00 
2.00 

26.00 

1.00 

26 

1.66 

2.00 

27              

1.00 

28 

60.00 

460.00 

7.00 



29              1   -                         -  -  - 

500.00 

100.00 

30 

31                

3.00 

30.00 
40.00 

10.00 

800.00 

166.66 





2.00 

Average 

«.«, 

$183.00 

$41.00 

$89.00 

$1.00 

$34.00 

$30.00 

$1.00 

$7.00 
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TABLE  IOC 
Farm  Expenses 


Farm  No. 
I ... 

Insur- 
ance 

'"$i6".6o" 

7.00 

New 
equip- 
ment 

$100.00 
200.00 
135.00 
66.00 

Machin- 
ery 
repairs 

$30.00 

Machines 
hired 

1 

Silo 
filling 

$10.00 

rhresh- 
ing 

$12.00 
23.00 
12.00 
30.00 
16.00 

Coal-Oil. 

gas  and 

oil 

$40.00 

Time 
$4.00 

Auto 
175.00 

2        

$40.00 
13.00 

3 

14.00 
20.00 

5.00 
20.00 

5.00 
20.00 
20.00 

2.00 
7.00 
3.00 

4 

50  OU 

5 

6 

121.00 

198.00 

8.00 

12.00    . 

90.00 

7 - 

10.00 

3.00 

1.00 
9.00 
1  00 
8.0O 

35C*0 

8     ---  

20.00 

75.U0 

9 

19.00 

2.00 
4.00 
1.00    . 
3.00    . 

10 

36.00 

11 

5.00 

6.00 
65.00 

6.00 

3.00 
15.00 

6.00 
10.00 

25.00 

12 

50.00 

30.00 

20.00 

13 

14     

7'66 

53.00 
135.00 

1.00    . 

3.00 

2.00 

15 

, 

6.00 
5.00 
8.00 

16 

75.00 

17-  

54.00 

100.00 

100.00 

18 -- 

145.00 

57.00 

19 

15.00 
10.00 
10.00 
1.00 

24.00 

30.00 

3.00 

20 

7.66" 

1       132.00 
79.00 

53.00    . 

2.00    . 
2.00 
3.00 
2.00    . 

21 

22     

— 

4.00 
22.00 
60.00 

7.00 
6.00 

100.00 

23 

250.66 

10.00 

24 

15.00 
16.00 
1.00 

25 - 

26       

25.00 
151.00 

16.00 
5.00 

8.00 

6.00 
10.00 

2.'66"  . 

1.00    . 

5.00 

100.00 

27  

28 

25.00 
15.00 

9'66' 

1 

5.66 

75.00 

5.00 

30.00  , 

_„ 1 

60  00 

29 

1 

1 

63.00 
40.00 

26.00 
3.00 
3.00    . 

16.00 
3.00 

150.00 

30  

31          

'        70.00 
215.00 

8.00 

"aolob 

Averatfe 

$3.00 

$70.00 

$14.00           $7.00 

TABLE  1 
Farm  Expe 

■    1    5-    i 

$2.00 

OD 
nses 

H 

$16.00 

a 

SB 
1        ^ 

$3.00 

$3.00 

n 

$36.00 

Farm  number 

-■O         ^<t 

J?  i  °' 

i  1  h  ? 

t 

E. 

1- 

2- 

3 

4. 

5-. 

6  . 

7.. 

8-. 

9.. 
10. 
11. 
12. 
13.. 
14. 
15 
16. 
17.. 
18 
19. 
20. 
21. 
22.. 
2:3- 
24. 
26 
26.. 
27 
28. 
29. 
30 
31 


$6 
8 
1 
5 


$6 
50 


$25 
100 


$30  I 


$2 


6  1 
10 
10 

1 


25 
35 


12 
25  I 
25 
20  I 

16  i 


20 
24 


5 
18 


40 


14 
10 


11 
50 
27  I 
15  I 
13 


2 
16 
1 
34 
2 
4 
5 
6 
40 
2 
4 


10  . 


24  . 
5  .. 


10 

20 

7 

20 
80 


12 
33 


9 
40 


4 
1 

"¥ 
6 
5 
10 


$35 

66 
130  ' 

45  , 

66 

65 

67 

49 

67  ' 

37 

64  ' 

22  I 

33 

34 

62  ' 

60 
100 

42  ! 

60  , 

62 
164  I 

30 

60  I 

25 

41  I 

37 
110  I 

210  I 
36 
130 


$2 


$40 
40 
40 

3  I    1 

40  I 

20  

20     6 

2     5 

24  

20  1.  ... 

30  I 

22     4 
20  

6  


20 
26 
20 


10 
3 


20 
10 
16 
25 

40 


Average  . 


$6 
6 
6 
6 
5 
5 
5 
5 
6 
6 
5 
6 
6 


$10 
10 
7 
14 
12 


6 
8 
12 

8 


12 

6 


$4    $2   $18   $15    $6   $66   $23    $1    $6    $5   $10   $1.01« 


16 
18 
13 
20 

7 

13 
12 

8 
10 
11 
23 
15 


12 
15 
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CAPITAI.  IK  BUILDINaS 

The  average  investment  in  buildings  is  comparatively  very  low  at 
present  (1924)  as  a  glance  at  Table  12  will  show.  This  is  because  the 
community  is  new.  As  this  farming  district  grows  older,  more  and 
more  capital  will  be  put  into  buildings  and  permanent  improvements. 

Evidently  the  labor  incomes  would  not  appear  as  large  as  they  do  if 
it  were  not  that  the  amount  of  money  put  into  improvements  has  been 
very  small.* 

*The  ingenuity  shown  by  the  settlers  in  the  use  of  materials  at  hand  for 
building  and  for  repairs,  the  capacity  they  have  shown  for  "making  one  hand 
wash  the  other'*  together  with  their  steady  industry  and  thrift  have  made  their 
labor  tmusually  effective  and  have  given  a  high  apparent  labor  income  in  com- 
parison with  the  capital  invested.  From  the  beginning  most  of  the  settlers  on 
this  project  had  more  labor  than  capital  to  invest;  this  has  been  the  foundation 
of  their  well-earned  success — Editor. 


TABLE  11 
Capital  at  the  Beginning  of  the  Year  (1924) 


Farm  number 


Farm 


1 $8,000.00 

2 4.000.00 


8.000.00 

4 6.000.00 

5 4.000.00 

6 3.000.00 

" ,  20.000.00 

8 4.000.00 

9 5,800.00 

10 4.000  00 

" 7.600.00 

12 1  7.500  00 

13 1  9.600.00 

U. 
15  . 
16. 


18. 
19. 
». 

21. 


2,«K)  00 
5. 000 .00 
3.000  00 
2.000  00 
1.000  00 
4,000.00 
6.000.00 

8.000  00 

22 6.000  00 

23 19.000.00 

24 4.000.00 

25 7.200  00 

26 3.000.00 

27 5.500.00 

28 8.400.00 

29 25.000  00 

30 4.200  00 

31 - 11.000.00 

$6,832  00 

71'^r 


ATcrafre  capital  .. 
Average  interest  . 


Equip- 
ment 


$775.00  ! 

1.500.00 
800.00 

2.500.00 
300.00 
600  00 
500  00 
600.00 
350.00 
320.00 
800.00 

1.0(K).0O 
600.00 
300  00 
400.00 
1H5.00 
300  00 
160.00 
400  00 
350  00 
250.00 
650  00 
400  00 
200  00 
700  00 
775.00 
150.00 
300.00 

2.000  00 
300  00 

1.000.00 


I  Feed.  | 
.  seed,  and  i 
I    supplies 

I 

$75.00 
100.00 
90.00 
300.00 
200.00 
100  00 
1.600.00 


$621.00 
6  5'f   . 


200  00 
140.00 
270.00 
625.00 
200  00 
125.00 
250.00 
125  00 
150  00 
115  00 
19100 
250  00 
250.00 
150.00 

60^06 

175  (to 

75  00 

60.  (M) 

20<)(>0 

I2.0OO.(K) 

lUO  (K) 

1.000.00 


Live 
stock 


$127.00 
2.930.00 
3.28H  00 
1.080.00 
1.085.00 

4. 085. CO 
774.00 

1.335.00 
1.205  00 
1.612.00 
1.225.00 

2.  037  00 
2.265.00 


238.00 
1.330.00 
1.  480  00 

2.139  00 
845.00 

1.445.00 
427.00 
690  00 

2.493  00 

8.125  00 
428  00 

3.097.00 


$618.00    $1,486.00 


6.4'^ 


16. 1'^ 


DISTRIBUTION  OF  CAPITAI* 

Table  11  contains  a  tabulation  of  the  distribution  of  the  capital 
invested:  It  shows  that  71%  of  the  capital  is  invested  in  land;  6.5% 
in ec|uipment ;  6.4%  in  feed,  seed,  and  supplies;  and  16.1%  in  live  stock. 
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TABLE  12 
Value  of  Building 


9.. 
10. 
11. 
12 
14. 
16 
16 
17. 
18. 
19- 
20. 
21- 
22. 
23 
24 
25. 

7. 
26 
27. 
28 
29- 
30. 
31. 


Farm  number 


Dwelling 


1225. 

5.000, 
800 

1.000 

1.750 
300 
400 
676 
600 
600. 
200. 

1.625. 
760. 

2.000. 
220. 
600, 
800. 

1.800 
475. 
450. 
885 
625 
500 
160 
860. 

3.000. 

1.625 
800 
826 


00 
00 
00 
.00  j 
00 
00  I 
00  ; 
00  , 
00 
00 
00 
00 
00 
00  I 
00 
,00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 


Average . 


1900.00 


***™  buildiDirs 

$250.00    

500.00  $S50  W 

375  UO 

100.00    

1.000.00  500.00 

450.00    

250.00  100  00 

100.00  ,            75  00 

100.00  150.00 

175.00  100  00 

l.".'.'.  ' 200  00 

100  00    

100.00  60  OO 

50.00  50.00 

50.00  67.00 

150.00  fiO.OO 

360.00  300  00 

25  00    

175.00    

70.00  20.00 

60.00    

170.00    

50.00    

100.00    

600.00  180.00 

1.500.00  2.150.00 

60.00     

320.00  .^^^^^^ 

$190.00  S151.00 


TABLE  ISA 
Summary  (Receipts) 


Farm  number 


Increase 
capital 


1  $736.00 

2 852.00 

3 2.763.00 

4  66.00 

5. 774.00 

6 430.00 

7 580.00 

8 90.00 

9 485.00 

10 286.00 

U -602.00 

12 182.00 

13  95.00 

14 432.00 

15 8.588.00 

16 66.00 

17 1,796.00 

18 730.00 

19 610.00 

20 125.00 

21 1.460.00 

22 54.00 

23 1.160.00 

24 50.00 

25 534.00 

26 487.00 

27  1.543.00 

28 615.00 

29 210  00 

30  922.00 

31   1.439.00 

Average $726.00 


Crops 


$143.00 
520.00 
376.00 
191.00 
928.00 
361.00 
212.00 
487.00 
680.00 
356.00 
622.00 
332.00 
604.00 


100  00 
810.00 

1.350.00 
360.00 
418.00 
466.00 

1.190.00 
78.00 
2%.00 
55.00 
370.00 
298  00 
333.00 
316.00 

1,936.00 
316.00 


$461.00 


Live  stock 
sold 

Livestock 

products 

sold 

Miscel- 
laneous 
receipts 

Total 
receiptt 

$146.00 

$600.00 

$1,060.00 

$2,885,00 

268.00 

1.144.00 

1.705.00 

4.479  00 

525.00 

1.241.00 

413.00 

6,318.00 

218.00  1 

674.00 

464.00 

1.618.00 

22.00  I 

766.00 

41.00 

2.52100 

336.00 

976.00 

187.00 

2.188.00 

69.00 

422.00 

339.00 

1.612.00 

340.00  , 

1.268.00 

112.00 

2.297.00 

106.00  1 

611.00 

140.00 

2.0fl00 

106.00  ' 

240.00 

300.00 

1.2^.00 

36.00 

674.00 

667.00 

1.899.00 

39.00 
291.00 

484.00 
645.00 

1.0»7.00 

18.00 

1.66S.00 

16.00 

602.00 

892.00 

1.441.00 

318.00 

697.00 

625.00 

6.S28  00 

343.00  < 

893.00 

34.00 

1.6S6  00 

1 

1.100.00 

1.600.00 

5-^2 

198.66 

302.00 

728.00 

2.243  00 

60.00 

680.00 

605.00 

2.271.00 

156.00 

386.00 

353.00 

1. 496  00 

1.720.00  1 

1.400.00 

513.00 

4.80.» 

439.00 

400.00 

370.00 

i.ci.oo 

244.00 

605.00 

158.00 

2.258-00 

144.00 

430.00 

368.00 

997.00 

154.00  ' 

730.00 

700.00 

2.478  00 

91  00 

334.00 

51.00 

1.261.0O 

41  00 

694.00 

40.00 

2.66100 

318.00 

1.339.00 

206.00 

2.79S.W 

3.825.00 

1.325.00 

60.00 

7.196.00 

8.00 

292.00 

454.00 

1.9«.00 

1.162.00 

1.400.00 

4.001.00 

$368.00 

$703.00 

$442.00 

$2,662.00 

SXTMllABY  OF  FABM  BUSINESS 

A  complete  summary  of  the  receipts  and  expenses  of  the  thirty-one 
farms  is  tabulated  in  Table  13C.  An  average  figure  for  all  the  receipts 
and  expense  columns  is  given  at  the  bottom  of  the  page. 
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TABLE  13B 
Summary  (Expenses) 


Farm  number 


1 

2_ 

3 

4 

5 

6 

7. 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17  

18 

19 

20 

21 

22  """*  * 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Avtnste 


Live  stock 

Farm 

Total 

purchased 

expense 

1 

expense 

$75  00 

$1,101.00 

$1,176.00 

40.00 

1.360.00 

1.390.00 

1.116.00 

1.337  00 

2.453  00 

70  00 

708.00 

778.00 

476  00 

831.00 

1.306.00 

45.00 

835.00 

880  00 

194  00 

756.00 

950.00 

40  00 

1.015.00 

1.  055  00 

128.00 

847  00 

975.00 

70.00 

20.00 

90.00 

622.00 

622.00 

500.00 

1.046.00 

1.546  00 

35  00 

266.00 

291.00 

35  00 

577.00 

612.00 

117.00 

4.116.00 

4.232.00 

512  00 

512  00 

1.000  (to 

1.671.00 

2.671  00 

99  (K) 

534  00 

633.00 

220.00 

234  00 

454  00 

1.400.00 

436  00 

1.836  00 

102  00 

1.311.00 

1.413  00 

210.00 

391.00 

601.00 

36  (X) 

6fX).00 

636.00 

1,  mi  00 

124  00 

1.524.00 

.V)  00 

H6.3.00 

913  00 

2<X)  00 

3*i8  00 

568.00 

90.00 

1.  1W<  00 

1.278  00 

56.00 

566.00 

622  00 

1.34.00 

4.024.00 

4.168  00 

692  (X) 

626  (»0 

1.318  (X) 

250  (X) 

2.114.00 

2.364.00 

$286.00 

$999  00 

$1,285.00 

TABLE  130 
Summary  (Farm  Income) 


Farm  number 


Average 
capital 


Total 
receipts 


Total 
expense 


Income      Interest  on 
capital  and     average 
labor  capital 


Labor 
Income 


1 I  $10,247.00 

2. 12.604.00 

3 1  22.921.00 

I ,  7.720.00 

8 10.162.00 

6 '  8.746.00 

7 ,  6.086.00 

S  6.630.00 

9 I  10.222.00 

10- I  6.728.00 

11-—  10.436.00 

12 '  4.382.00 

IS ,  5.163.00 

>4  —  I  2.393.00 

IS !  6.969  00 

16 1  8.263.00 

17 ,  12.262.00 

18 6.207.00 

W 5.706.00 

20 I  9.573.00 

21- I  26.466.00 

22 7.967.00 

23 !  8.300.00 

24 1  2.426.00 

K -  6.403.00 

28 ..!  6.633.00 

^ 11.809  00 

28 ,  11,800.00 

29 1  36.220.00 

30 5,489.00 

31 16.917.00 

Avenwe I  $9,958.00 


$2,686.00 
4.479.00 
6.318.00 
1.613.00 
2.621.00 
2.188  00 
1.612.00 
2.297.00 
2.022.00 
1.287.00 
1.899.00 
1,037  00 
1.563.00 
L441  00 
5,328.(X) 
1.636  (X) 
6.840.00 
2.243.00 
2.273  00 
1.496.00 
4.823  00 
1.331.00 
2.258.00 
997.00 
2,478.00 
1.261  00 
2.651.00 
2.793.00 
7.139.00 
1.992.(X) 
4.001.00 


$1,176.00 
1.390.00 
2.  453  (JO 

778.00 

1.306  00 

880.00 

950  00 

1.055  00 

975.00 

90  00 

622.  (X) 

1.646  00 

291  00 

612. 0<) 

4.232.00 

512  (X) 

2.671.(« 

633  (>0 

454.00 

1.836.(X) 

1,413  (»0 

601 .00 

636.00 

1.524  00 

913.00 

568.  fX) 

1.278.00 

622.00 

4.158.(K> 

1.318.00 

2.:i64.00 


$1,509.00 
3.090.00 
2.864.00 

834.  fH) 
1.215.(K) 
1.308.00 

661.00 
1.212  00 
1.047  (>0 

111.00 

675.  (X) 
509.00 

1.262.00 
829  00 
1.095  00 
1.123.00 
3.  180.00 
1.610.(X) 
1.819.00 
1.046  (>0 
1.915  00 

676.  (X) 
1.626  (K) 

809  (to 
1.665.rK) 

693.00 
1.373.00 
2.  ITIOO 
2.768.00 

754  00 
1.637  (X) 


$2,662.00       $1,285.00       $1,390.00 


$615.00 
756.00 

1.375  00 
463  00 
609. (X) 
524.00 
365  OO 
331  .(K) 
613.00 
34O.f»0 
626.00 
263.00 
309.  (X) 
144.00 
419. (K) 
495.  (K) 
750  00 
309.00 
342.00 
574.00 

1.527.00 
687.00 
498.00 
146.00 
324.00 
398  00 
708.00 
7(»8  00 

2.173  00 
329.  (KJ 

1.015.(K) 

$604.00 
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$883.00 

2.334.00 

1.495.00 

272.00 

6<t5  00 

783 .  00 

296.00 

911.00 

434  00 

223  00 

49.00 

-772.00 

9.53.00 

685.00 

676.00 

628.00 

2.444.00 

1.301.00 

1.477.00 

472.00 

423  00 

13.00 

1.128.00 

663.  (K) 

1.341.00 

295.00 

665.00 

1.463  00 

595  00 

425.00 

622.00 


$753.00 
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VALUE  OF  HOME-aBOWK  AND  PUBCHASED  FOOD  USED  IK 

THE  HOME 

After  the  farmer  pays  for  the  expense  of  operating  the  farm  and 
the  interest  on  the  capital  invested  he  usually  has  a  much  smaller 
amount  left  than  the  laboring  man  doing  the  same  kind  of  work  gets 
for  his  services.  The  farmer,  of  course,  would  have  long  ago  quit  the 
land  and  worked  for  wages  if  it  were  not  for  the  value  of  the  food  and 
fuel  he  gets  from  the  farm,  not  taken  into  account  in  figuring  the 
income  of  his  labor. 

A  detailed  tabulation  of  the  food  used  in  the  thirty-one  homes  is 
given  in  the  table  below.  The  average  total  value  of  all  the  food  and 
firewood  used  in  these  homes  is  $441.  Added  to  the  labor  income, 
$773,  this  gives  a  total  of  $1,194. 

The  last  column  in  Table  14  contains  the  amount  spent  for  grocer- 
ies and  fuel  per  year.  The  average  for  the  thirty-one  families  amounts 
to  $311.  This  is  no  doubt  much  less  than  the  amount  spent  for  grocer- 
ies and  fuel  by  the  average  city  family. 


TABLE  14 
Value  of  Home-Orown  and  Purchased  Food  Used  in  Home 


Farm  number 


1   $110.00 

2 109.00 

3 18CI.00 

4 140.00 

6 216.00 

6 66.00 

7 109.00 

8 324.00 

9 328.00 

10 104.00 

11 104.00 

12 90.00 

13 109.00 

14 109.00 

15 306.00 

16 216.00 

17    - I  108.00 

18 80.00 

19 1  52.00 

20 109.00 

21 '  109. OC 

22 100.00 

23 216.00 

24 109  0< J 

25 109  00 

26 81.00 

27 163  00 

28 216.00 

29 209.00 

30 54.00 

31 229  00 


00 

c 


$62.00 
87.00 
104.00 
50.00 
37.00 
42.00 
26.00 
77.00 
78.00 
50.00 
78.00 
52.00 
50.00 
100.00 
52.00 
125.00 
125.00 
25.00 
26.00 
40.00 
75.00 
50.00 
100  00 
50.00 
100.00 
50  00 
100.00 
100.00 
125  00 
125.00 
12r,.00 


Average $147  00     $76.00 


$90.00 
64.00 
50.00 
37.00 
50.00 
42.00 
46.00 
37.00 
37.00 
38.00 
43.00 
25.00 
30.00 
37.00  I 
30.00 
40.00 
90.00 
25.00 
38.00 
50.00 
35.00 
25.00 
10.00 
12.00 
57.00 
25.00 
90.00 
50.00 

125  00 
35.00 
92.00 


o 
£ 


$60.00  I 
12.00 
9.00 
9.00 
12.00 
16.00 
9.00 
10.00 
16.00 
9.00 
6.00 
15.00 
9.00 
9.00 
18.00 
9.00 
50.00 
9.00 
9.00 
9.00 
18.00 

"d'be 

6.00 
8.00 
3.00 
24.00 
12.00 
30.00 
15.00 
21.00 


$9.00 

8.00 

16.00 

15.00 

16.00 

6.00 

6.00 

6.00 

16.00 

16.00 

6.00 

24.00 

8.00 

15.00 

20.00 

26.00 

20.00 

8.00 

6.00 

10.00 

16.00 

6.00 

10.00 

9.00 

20.00  ' 

8.00  , 

10.00  I 

18.00  I 

50.00  I 

9.00  , 

15.00 


i 

Garden ojo 

2  ' 

3  1 

: 

$70.00 
40.00 
50.00 

"To'.bo 

40.00 

30.00 

60.00 

60.00 

40.00 

40.00 

48.00 

40.00 

70.00 

75.00  ' 

36.00  1 

60.00  i 

60.00  i 

50.00  1 

40.00 

26.00 

70.00 

o 

s 

_  ^    ! 

$36.00  ' 
36.00 
70.00 
50.00 
flO.OO 
76.00 
18.00 
70.00 
61.00 
86.00 
36.00 

"24'66* 
30.00 
66.00 
60.00 
40.00 
28.00 
36  00 
48.00 

100.00 
60.00 
36.00 
36.00 
60.00 
36.00 
62.00 
60.00 

110.00 
50.00 

111.00 

III 

$191.00 
239.00 
487.00 

■$26;o6' 

26.00 
100.00 
100.00 
100.00 

4IS.00 
379  00 
118  00 
361.00 
266  00 

1 

314  00 

1 

246.00 

1 

193  00 

1 

213.00 

25.00 
100.00 
126.00 

26.00 
160.00 
104.00 

76.00 

60.00 
160.00 

281.00 
275.00 

279  00 

""e'.bo 

890  00 
210  CO 
230  00 
290.00 
467.00 
189  00 

328.00 

40.00 
66.00 
40.00 
50.00 
36.00 
46.00 
40.00 
20.00 

265.00 

50.00 

10.00     126.00 

30.00 

100.00 

434.00 
161.00 
262  00 
435.00 
525  00 

60.66 

203.00 
482.00 

$46.00     $14.00     $14.00       $1.00     $60.00     $44.00     $50.00     $311.00 


PEBSONAIi  EXPENSE  OF  THE  FARM  FAMILY 

It  is  very  interesting  to  know  just  how  the  farmer  spends  his  money 
for  personal  matters  such  as  for  education,  church,  reading  material 
life  insurance,  travel,  and  the  like. 

These  thirty-one  farmers  spent  on  an  average  $14  for  books  and 
magazines;  $33  for  church  and  charity;  $190  for  clothing;  $102  for 
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doctor  bills ;  $30  for  education ;  $16  for  eiitertaiiiment ;  $33  for  life 
insurance. 

Twenty  of  these  farmers  carried  life  insurance,  and  each  family 
averaged  spending  $38  for  travel. 

The  cost  of  the  automobile,  charged  to  personal  expense,  amounted 
to  $83  per  family  per  year  for  those  who  owned  machines. 


TABLE  15 
Personal  Expenses 

• 

Stamps, 
stationery 

Farm  Dumber 
1  

I          CD 

'P 
K  OS 

^  Is 

^    1  _ 

1  $20.00 
8.00 
5.00 

1  25.00 
12.00 
15.00 

1  9.00 
6.00 

'     10.00 

1  12.00 
6.00 

!     10.00 

;    20.00 

1      4.u0 

5.00 
10.00 
19.00 
26.00 
10.00 
10.00 
20.00 

6.00 
15.00 

8.00 
10.00 
16.00 
18.00 

8.00 

35.00 

10.00 

1     30.00 

$14.00 

o 

cr 
c 

3 

cr 
n 
sr 

1 

$60.00 

'25'66' 
60.00 
30.00 
16.00 
40.00 
4.00 
50.00 
60.00 
30.00 
50.00 
50.00 
10.00 

"'66."66' 
16.00 
26.00 
40.00 
56.00 
70.00 
30.00 
45.00 
56.00 
12.00 
40.00 
60.00 
10.00 
100.00 

2     1      ^ 
i.       s% 

S      '■    3.3 

as 

1            1      ^ 

$60.00    $100.00 
135.00       20.00 
200.00       60.00 
100.00         5.00 
200.00     100.00 
200.00     170.00 
155.00     200.00 
260.00     400.00 
366.00       60.00 
100.00       36.00 
460.00     600.00 
100.00    

n 

i 

I 

p 
B 

I 
$50.00 

J? 
3 

9 
O 

S 

1 

n 

EL 

p 

2. 

2 

$3.00 

$25.00 

3 

4 

"25!66" 

10.00 
25.00 
10.00 
10.00 
20.00 

'$33i66" 
80.00 
33.00 
60.00 
26.00 
39.00 

20.00 

5 

75.00 

6 

7 

8 

20.00 
26.00 
26.00 

9 

10 





40.00 
30.00 

11 



26.00 
16.00 
40.00 

100.00 

12 

1.00 

90.00 

13 

14 

116.00      100.00 
100.00      ... 

."      .. 

30.00 

100.00 

16 

160.00  ' 

30.00 
10.00 

'26'66' 

10.00 
26.00 
16.00 

"io^oo" 

27.00 
104.00 
100.00 

1 

16 

276.00  1     13.00 
350.00       25.00 
27.00  ,  117.00 
100.00  ' 

■- - 

1 

17 

' 

50.00 

18 

10.00 

76.00 

19 

38.66 
31.00 
76.00 
62.00 

26.00 

20 

150.00    

2.00 

21 

300.00    

60.00 

22 

23 

100.00       80.00 
126.00       15.00 
200.00      120.00 
200.00     500.00 
100.00    

50.00 

24 

26 

$30.00 

"46'66" 

80.00 
4.00 

26  

57.00 
56.00 
88.00 
62.00 
16.00 
16.00 

15.00 

27 

28 

300.00     340.00 
260.00       50.00 
400.00      100.00 
100.00       28.00 
200.00       20.00 

6.00 

10.00 
90.00 

29 

$700.00 
40.00 
180.00 

100.00 
25.00 
10.00 

200.00 

30 

4.00 

50.00 

31 

15.00 
$33.00 

Averaflre 

$190.00    $102.00 

$30.00 

$16.00 

$33.00 

$2.00 

$3.00  , 

$38.00 

MEMBERS  OF  HOUSEHOLD 

The  number  of  children  in  the  thirty-one  families  visited  averaged 
1.87  males,  2.13  females  per  family  at  home  or  an  average  of  four  chil- 
dren per  family.  Twenty-nine  were  enrolled  in  the  high  school.  Five 
children  from  these  families  are  away  attending  college.  All  of  the 
young  people  under  the  age  of  18  years  who  have  not  finished  a  high 
school  course  were  in  school  excepting  one  boy  and  one  girl.  There 
are  69  children  enrolled  in  the  grades.  The  children  from  all  the 
families  but  two  come  to  school  in  a  wagon,  and  ride  distances  rang- 
ing from  two  to  six  miles. 
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EDUCATION  OF  PABENT 

The  education  of  58  parents  visited  (there  are  two  widowers  and 
one  widow)  was  as  follows: 

Two  were  college  graduates. 
Four  had  attended  high  school  four  years. 
Four  had  attended  high  school  three  years. 
Eight  had  attended  high  school  two  years. 
Twelve  had  attended  high  school  one  year. 
Twenty  had  finished  eighth  grade. 
Sixteen  had  not  finished  the  grades. 
One  was  illiterate. 

NATIONALiry 

All  but  six  of  the  farmers  and  their  wives  were  born  in  America; 
two  were  born  in  Germany ;  two  in  Denmark ;  one  in  Sweden,  and  one 
in  England.  All  the  children  were  Americans,  except  one  girl,  who 
was  born  in  Germany. 

The  thirty  farmers  had  lived  on  a  farm  an  average  of  30  years,  and 
they  averaged  in  age  42.7  years,  and  ranged  in  age  from  25  to  66  years. 
With  only  three  exceptions  the  farmers  were  at  home  12  months  durinjr 
the  year.  The  wives  average  in  age  39  years,  they  had  lived  on  farms 
an  average  of  33.8  years.  They  ranged  in  age  from  23  to  57  years. 
There  were  179  people  in  the  homes  visited ;  and  an  average  of  5.7  to 
the  family. 

The  writer  inquired  into  the  knowledge  these  farmers  and  their  wives 
had  of  their  ancestry  and  found  that:  Four  knew  their  parents  only: 
26  had  some  knowledge  of  their  grand-parents;  5  knew  great  grand- 
parents. One  lady  had  a  fairly  complete  record  of  her  ancestry  down 
to  1310  A.  D. ;  two  others  traced  their  geneaology  rather  indefiniteb 
back  to  the  Norman  Conquest,  1066  A.  D. 

HOME  CONVENIENCES 

The  home  conveniences  are  few.     There  are  no  electric  lights,  no 
furnaces,  no  water  in  the  house  and  no  telephone. 
6  have  pipeline  water  outside ; 

1  has  pump  inside ; 

6  have  pumps  in  their  wells; 
13  have  open  wells; 

2  have  spring  water; 

1  hauls  water  from  neighbor. 

Fifteen  farmers  have  gasoline  lamps  as  well  as  coal-oil  lamps.  The 
others  burn  coal-oil  only.  The  gas  lamps  cost  on  an  average  of  $1- 
per  year  to  operate,  and  the  kerosene  lamps  cost  $7.50  per  year.  The 
automobile  expense,  charged  to  personal,  averaged  $83  per  family  for 
those  owning  automobiles. 

HOUSE 

Practically  all  of  the  houses  are  of  frame  construction  and  not 
plastered.  There  are  an  average  of  4.6  rooms  per  house.  One  house 
has  an  inside  toilet  and  bath  tub.  Four  houses  have  bath  tubs  but 
they  are  not  attached  to  hot  water.  A  tin  tub  is  the  only  bath  tub 
available  in  26  homes. 

All  of  the  31  farmers  are  land  owners.  The  average  amount  of  the 
mortgages  is  $3,445. 
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CAPITAI.  REQUIRED  TO  BEaiN  OK  AN  IRRIOATION  PROJECT 

The  writer  asked  the  farmers  how  much  capital  a  man  should  have 
to  begin  with  on  an  irrigation  project,  and  their  answers  ranged  all 
the  way  from  $1,200  to  $10,000.  Many,  however,  maintained  that 
$2,000  would  be  sufficient,  but  the  average  of  their  figures  was  over 


1^  ^^  ^  ^^^^y^^E^L^^^i^^^^^^^i 
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The  Diversion  Dam — The  storage  reservoir  is  four  miles  farther 
up  the  canyon. 


$3,000.  Quite  a  number  of  farmers  claimed  that  too  much  capital  was 
just  as  much  a  hindrance  to  success  as  too  little.  They  maintained 
that  a  farmer  mast  get  a  large  portion  of  his  living  out  of  the  soil, 
and  that  if  he  has  much  capital  he  may  use  it  up  or  waste  it  and  neglect 
to  raise  a  garden  or  to  milk  cows. 
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SUMMARY 

1.  The  altitude  of  Metropolis,  Nevada,  is  5,611  feet  above  sea  level. 

2.  The  annual  rainfall  is  less  than  ten  inches. 

3.  The  soil  is  a  clayey  loam  under  which,  in  places,  there  is  a  lime- 

stone hardpan. 

4.  The  native  vegetation  consists  of  a  luxuriant  growth  of  sage- 

brush on  the  higher  lands,  and  of  rabbit-brush  and  some  grease- 
wood  on  the  lower  lands.  There  is  an  unusually  large  amount 
of  grass  for  an  arid  region. 

5.  The  land  was  reclaimed  in  1911  and  1912;    and  subsequently. 

Irrigation  water  is  supplied  from  a  reservoir. 

6.  The  dam  was  built  by  private  capital  and  the  land  was  owned  by 

a  corporation  prior  to  its  colonization. 

7.  There  are  thirty-three  families  living  on  the  project.    Thirty-one 

of  these  were  included  in  this  survey. 

8.  All  of  the  farmers  own  land. 

9.  Some  farm  additional  land  which  is  owned  by  the  Metropolis 

Land  Company. 

10.  The  average  total  acreage  farmed  is  173  acres. 

11.  The  average  acreage  cropped  per  family  is  69  acres. 

12.  Alfalfa  and  potatoes  are  the  principal  crops. 

13.  The  principal  cash  crop  is  potatoes. 

14.  Dairying  is  the  chief  source  of  income. 

15.  The  receipts  from  crops  average  $461  per  farm. 

16.  The  receipts  from  sales  of  live  stock  average  $368  per  farm. 

17.  The  receipts  from  livestock  products,  principally  cream,  amount  to 

$703  per  farm. 

18.  The  total  investment  is  now  $10,016  per  farm. 

19.  Interest  on  capital  was  figured  at  six  per  cent. 

20.  The  labor  income  averages  $753  per  farm.     The  value  of  hay 

was  $10  per  ton  at  the  end  of  the  year  1923,  and  only  $5  at  the 
beginning  of  the  year.  This  would,  of  course,  influence  the 
amount  of  labor  income. 

21.  The  labor  income  is  probably  $150  higher  than  the  average  labor 

income  in  the  United  States. 

22.  The  value  of  home-grown  food  used  by  the  family  per  farm 

was  $441. 

23.  Cash  paid  out  for  groceries  amounted  to  $311  per  family. 

24.  Each  family  spent : 

$14.00  for  books,  etc. 

33.00  for  church  and  charity. 
190.00  for  clothing. 
102.00  for  doctor  bills. 

30.00  for  education. 

16.00  for  entertainment. 

33.00  for  life  insurance. 

38.00  for  travel. 

25.  According  to  these  farmers  a  beginner  on  an  irrigation  project 

needs  at  least  $3,000  in  ready  capital. 

26.  The  average  amount  of  the  mortgage  is  $3,445. 
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FOREWORD 


In  the  spraying  tests  detailed  in  this  Bulletin  the  following  organi- 
zations cooperated : 

(1)  The  Bureau  of  Entomology  of  the  United  States  Department 
of  Agriculture. 

(2)  The  Nevada  State  Quarantine  OflBcer. 

(3)  The  Agricultural  Extension  Service  of  the  University  of  Nevada. 

(4)  The  Nevada  Agricultural  Experiment  Station. 

The  cost  of  the  work  was  paid  in  part  from  the  funds  of  the  Station ; 
but  more  largely  from  a  special  fund  for  alfalfa  weevil  control  appro- 
priated by  the  thirty-first  session  of  the  Nevada  Legislature  and  dis- 
bursed by  the  State  Quarantine  Officer,  Doctor  Edward  Records. 
Under  this  special  fund  most  of  the  spraying  and  dusting  tests  were 
made  by  Mr.  George  G.  Schweis. 

The  Agricultural  Extension  Service  of  the  University  made  good 
use  of  the  tests  for  the  benefit  of  local  farmers  in  illustrating  approved 
methods  of  control. 

In  order  to  make  the  work  of  more  than  local  value,  it  now  seems 
advisable  to  publish  it  as  a  Bulletin  of  the  Agricultural  Experiment 
Station. 

S.  B.  DoTEN,  Director. 
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HISTORY 


The  alfalfa  weevil  was  first  found  in  Nevada  in  1920,  at  Tippetts, 
White  Pine  County,  and  near  the  race  track  at  Reno.  It  was  carried 
there  in  some  unknown  way,  probably  from  Utah. 

Its  first  appearance  in  the  United  States  occurred  near  Salt  Lake 
City  about  1904.  Since  then  it  has  spread  to  nearly  all  of  Utah,  part 
of  western  Colorado,  southwestern  Wyoming,  southern  and  central 
Idaho  and  eastern  Oregon.  It  has  become  a  serious  pest  of  alfalfa  in 
most  of  this  infested  territory,  causing  a  loss  ranging  up  to  one-half 
the  yield,  where  the  infestation  is  severe  and  no  effort  at  control  is 
undertaken.  In  addition  to  this  loss  and  its  effect  upon  the  livestock 
industry,  there  is  the  indirect  loss  and  annoyance  from  the  quarantines 
imposed  by  certain  States. 

In  the  slow  spread  of  the  weevil,  the  flight  and  the  crawling  of  the 
adults,  or  snout-beetles,  have  been  the  chief  means,  aided  by  winds  and 
the  general  traffic.  There  are  known  to  have  been  only  three  long 
jumps  by  artificial  means  such  as  must  have  occurred  in  the  weevils 
getting  to  Reno. 

Since  its  introduction  into  Nevada  it  has  increased  to  destructive 
numbers  in  the  vicinity  where  first  found,  between  Reno  and  Sparks 
and  a  short  distance  down  the  Truckee  River,  and  has  spread  to  other 
important  alfalfa  sections.  In  1922  it  was  found  at  Lovelock  in  Persh- 
ing County.  In  1923  a  slight  extension  occurred  down  the  Truckee 
River  as  far  as  Wadsworth  and  to  the  west  toward  Verdi  and  just 
beyond  the  Nevada  border  into  Sierra  County,  California.  During  the 
summer  of  1924  weevils  were  found  in  Nevada  at  Fernley  and  Hazen, 
on  the  Swingle  Bench,  and  at  Dayton.  It  has  not  been  found  in  the 
southern  half  of  Churchill  County,  Nevada,  nor  in  Lyon  County,  nor 
in  the  southern  half  of  the  State.  Slight  extensions  have  been  made 
in  White  Pine  County  near  the  Utah  border,  and  in  the  productive 
alfalfa  district  around  Lovelock  where  weevils  can  be  found  in  scattered 
places.  It  seems  probable  that  the  weevil  will  spread  to  the  remaining 
portions  of  the  State  and  continue  to  be  a  serious  problem. 

WOBK  AND  LIFE  HISTOBT 

The  injury  to  alfalfa  is  done  by  the  little  green  worms  or  larvse 
which  are  the  young  of  the  weevil.  These  larvae  hatch  from  eggs  laid 
by  the  adult  weevils  or  beetles  throughout  the  spring,  and  to  a  slight 
extent  during  the  preceding  fall.  The  eggs  are  laid  in  clusters  in  the 
green  stems  and  in  the  dry  grass  and  alfalfa  stems  on  the  ground. 
The  egg  puncture  in  a  stem  can  be  seen  as  a  mere  speck.  When  the 
stem  is  split  open  the  light  yellow  eggs  are  seen  in  clusters  or  in  rows, 
varjong  from  1  to  30  or  more.  These  eggs  become  darker  and  less 
shiny  before  hatching. 

As  spring  advances  the  tiny  larvae,  one  thirty-second  of  an  inch  long, 
hatching  from  these  eggs,  emerge  from  inside  the  stems  and  crawl  to 
the  tops  of  the  alfalfa  plants  and  there  feed  inside  the  growing  buds. 
Later  they  feed  upon  the  tender  leaves  and  branches  and,  as  they  get 
larger,  are  often  seen  curled  over  the  edge  of  a  leaf  or  around  the  stems. 
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They  are  slightly  lighter  in  color  than  the  alfalfa  and  have  a  black 
head  and  a  light  stripe  running  down  their  backs. 

When  mature  they  are  one-fourth  to  five-sixteenths  of  an  inch  long; 
they  then  crawl  lower  down  on  the  plants  or  to  the  ground,  spin 
silken,  net-like  cocoons  and  transform  to  adult  weevils.  The  length  of 
time  occupied  by  the  different  stages  varies  a  great  deal,  mainly 
according  to  temperature.  The  egg  stages  usually  last  for  ten  days  to 
two  weeks ;  the  larval  or  "worm"  stage,  five  or  six  weeks ;  and  the  pupal 
or  cocoon  stage,  a  week  to  ten  days. 

The  larvflB  become  most  numerous  during  late  May  and  early  June 
and  continue  feeding  until,  if  the  infestation  is  severe,  the  plants  are 
riddled.  Sometimes  the  upper  branches  are  stripped  of  leaves  or  the 
epidermis  is  eaten  from  the  leaves  to  such  an  extent  that  they  look 
skeletonized.  Several  yards  or  rods  away  fields  that  are  badly  damaged 
take  on  a  characteristic  whitish  or  "silver-gray*^  appearance. 

If  no  means  are  used  to  destroy  the  larvae  they  kill  the  tips  of  the 
plants  and  prevent  further  growth.  Hay  from  such  fields  is  of  poor 
quality  and  of  greatly  reduced  tonnage.  When  the  crop  is  cut,  the 
larvae  which  have  not  become  full-grown  fall  off  or  leave  the  drying 
alfalfa  and  congregate  upon  the  growing  shoots  of  the  second  crop. 
A  few  larvae  can  destroy  the  tender  shoots  of  each  crown  as  fast  as 
they  come  up.  Where  the  first  crop  has  been  cut  early,  while  few  of 
the  "worms"  are  full-grown,  the  delay  to  the  second  crop  in  getting 
a  start  may  be  three  or  four  weeks,  thus  preventing  a  full  second  crop 
or  a  full  third  crop  where  three  cuttings  are  the  rule. 

When  most  of  the  larvae  mature  and  stop  feeding  to  spin  cocoons, 
the  second  crop  begins  to  overcome  the  feeding  of  the  remaining 
larvae  and,  after  it  once  gets  a  start,  is  never  retarded  by  the  straggling 
larvae  feeding  throughout  the  middle  of  the  summer.  On  the  con- 
trary, if  the  first  crop  is  cut  late,  say  in  the  latter  part  of  June,  there 
is  no  delay  to  the  second  crop  because  by  that  time  nearly  all  the  larv« 
have  passed  into  the  cocoon  stage.  Regardless,  therefore,  of  whether 
the  field  is  cut  early  or  late,  if  no  control  measures  are  used,  injury 
results  either  to  the  first  or  to  the  second  crop  or  to  both. 

No  damage  occurs  later  in  the  season  because  the  young  adults 
emerging  from  the  cocoons  in  late  May  and  June,  though  they  do  some 
feeding,  cannot  lay  eggs  until  late  in  the  fall  of  the  same  year  or  the 
next  spring,  and  because  the  old  adult  beetles,  after  their  heavy  egg- 
laying  in  May,  die  off  rapidly  and  the  remaining  ones  lay  few  eggs 
throughout  the  summer.  Larvae  hatching  from  these  summer  ^gs  arc 
never  numerous  enough  to  be  noticed.  Enough  beetles  of  the  new 
generation  may  survive  (and  will  more  than  likely  survive)  the  sum- 
mer heat  and  the  winter  cold  to  produce  enough  larvae  to  cause  some 
injury  every  spring.  Whether  enough  larvae  will  be  produced,  or  be 
hatched  out  in  such  a  way  as  to  concentrate  their  feeding  and  cause 
damage  sufficient  to  warrant  spraying  every  spring,  is  an  important 
but  unsettled  question.  Other  factors  having  to  do  with  climate, 
parasites,  farm  practices,  etc.,  may  prevent  such  damage  during  certain 
years  or  every  year,  but,  on  the  other  hand,  the  danger  of  severe  injury 
exists  and  presents  to  the  growers  of  alfalfa  the  problem  of  how  best 
to  secure  control. 
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NATUBAL  CONTROL 

Control  is  of  two  kinds,  natural  and  artificial.  Natural  control  takes 
place  when  the  weevils  are  prevented  from  being  injurious  by  disease, 
the  attacks  of  predaceous  and  parasitic  insects  and  other  animals  and 
by  unfavorable  surroundings  and  climatic  conditions.  Among  the 
predaceous  enemies  are  several  species  of  birds  and  insects.  Insect 
parasites  of  the  egg,  the  larvae  and  the  pupa  have  been  introduced  from 
Europe,  and  one  species,  Bathyplectes  curcvlionis  Thoms.,  a  small 
wasp-like  "fly"  in  the  adult  stage,  has  become  common  throughout  the 
weevil  infested  territory  and  often  kills  a  majority  of  the  weevil  larvse. 
Cool  and  damp  weather  throughout  the  spring  and  hot  bright  weather 
after  haying  time  appear  to  have  controlled  the  weevil  in  Utah  during 
certain  years.  While  these  climatic  conditions  destroy  weevils  every 
season,  it  is  probably  some  combination  of  all  the  factors  which  keeps 
the  weevil  down  to  the  point  where  it  is  not  injurious  in  certain  years. 

ABTIFIOIAL  COKTBOL 

Among  the  various  methods  of  artificial  control  which  have  been  tried 
the  following  have  proved  satisfactory :  Spring  cultivation  of  alfalfa 
fields,  pasturing,  brush  dragging  or  the  dust  mulch  method,  and  spray- 
ing and  dusting  with  arsenical  poisons.  Properly  timing  the  cutting 
of  the  first  crop,  or  successive  cuttings,  is  sometimes  effective. 

Early  spring  cultivation  is  an  indirect  method  in  that  it  destroys 
weeds  and  grass  and  stimulates  the  growth  of  the  alfalfa,  thus  helping 
it  to  overcome  the  attack  of  the  weevils  later  in  the  spring.  It  is  of 
little  benefit,  however,  in  killing  the  two'  stages  of  the  weevil  present 
in  the  fields  at  this  time  of  the  year — the  overwintering  beetles  and  the 
overwintering  eggs  in  the  dry  grass  and  alfalfa  stems. 

Pasturing,  especially  with  sheep,  during  the  egg-laying  period  of 
April  and  May  removes  the  eggs  and  newly-hatched  larvae  almost  as 
fast  as  they  appear.  This  method  of  control  demands  careful  attention 
to  the  stock  and  is  practicable  only  under  certain  kinds  of  farm  prac- 
tices. Its  success  depends  upon  grazing  parts  of  a  field  at  alternate 
times  and  continuing  this  practice  until  nearly  all  the  eggs  have  been 
laid.  It  has  the  disadvantage  of  often  causing  bloating  and  of  using 
up  the  first  crop  which  is  generally  needed  for  winter  feeding. 

The  brush  dragging  method,  popular  a  few  years  ago,  consists  of 
dragging  the  field,  after  the  first  crop  is  cut,  with  a  brush  or  wire 
drag  weighted  down  with  a  harrow  or  leveler,  until  all  the  vegetation 
is  removed,  the  clods  broken  up  and  the  surface  covered  with  a  dust 
mulch.  This  process  incidentally  kills  some  of  the  larvae,  pupae  in 
cocoons  and  newly-hatched  adults,  but  its  effectiveness  comes  from  the 
fact  that  it  exposes  these  stages  of  the  weevil  to  the  killing  heat  of  the 
sun.  If  the  weather  is  warm  and  bright,  enough  weevils  are  killed  to 
permit  the  second  crop  to  start  immediately.  This  method  works  well 
on  fields  that  are  free  from  grass  and  rocks,  but  it  has  its  faults ;  it 
does  not  protect  the  first  crop,  and  it  must  be  done  at  haying  time 
which  is  one  of  the  busiest  periods  of  the  year. 

Making  two  cuttings  of  the  first  crop,  say  when  the  alfalfa  first 
begins  to  show  injury  (about  the  middle  of  May  when  it  is  15  to  18 
inches  high)  and  again  about  two  weeks  later,  has  much  the  same  effect 
as  pasturing  in  removing  the  eggs  and  young  larvae  before  they  do 
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much  damage ;  but,  like  pasturing,  it  requires  close  attention  and  skill 
in  determining  the  proper  time  to  apply  the  method  and  it  is  seldom 
adapted  to  farming  practices  in  the  Great  Basin  States.  One  cutting, 
under  certain  conditions,  may  have  the  same  effect  as  two,  if  it  is 
properly  timed  to  remove  the  bulk  of  the  eggs  and  young  larvae  and 
luckily  followed  by  bright,  hot  weather  to  expose  to  the  heat  of  the  sun 
the  larvae  that  fall  to  the  ground,  as  in  brush  dragging.  This  method, 
however,  must  not  be  confused  with  "early  cutting"  as  used  by  many 
farmers  when,  just  previous  to  the  regular  cutting,  they  see  their 
alfalfa  is  badly  eaten  up  by  the  weevil  and  attempt  by  cutting  imme 
diately  to  save  the  first  crop  and  give  the  second  crop  an  early  start. 
Cutting  at  this  time  is  usually  a  failure  in  both  respects  and  results 
in  an  immature  first  crop  and  exposes  the  second  crop  to  the  feeding 
of  the  larvae  at  the  height  of  the  weevil  attack.  A  field  north  of 
Sparks,  Nevada,  was  cut  June  4,  a  day  before  the  spray  outfit  arrived, 
in  order  to  "save  the  first  crop  and  get  an  early  start  on  the  second." 
For  over  two  weeks  the  larvae  kept  the  field  bare,  whereas  on  sprayed 
fields  nearby  the  second  crop  came  up  immediately. 

SPBATING  AND  DUSTING 

In  recent  years  spraying  and  dusting  with  arsenical  poisons  have 
come  to  be  regarded  as  the  best  methods  of  control.  The  former  may 
be  said  to  be  the  standard  treatment  for  the  weevil,  while  dusting, 
though  now  used  only  experimentally,  is  about  as  effective.  It  prom- 
ises to  become  the  cheaper  and  more  easily  applied  method  of  the  two 
and  may  replace  spraying. 

Fruit  growers  and  truck-crop  gardeners  have  long  used  successfully 
both  the  liquid  spray  and  the  poison  dust,  but  when  these  practices 
were  proposed  for  killing  insects  on  a  field  crop  such  as  alfalfa,  they 
were  thought  at  first  to  be  impracticable.  Spraying  for  the  alfalfa 
weevil  was  first  developed  and  improved  by  the  Bureau  of  Entomology 
of  the  United  States  Department  of  Agriculture  several  years  ago  and 
has  been  tried  extensively  and  successfully  in  Utah,  Colorado,  Idaho, 
and  Oregon.  The  object  of  both  methods  is  to  cover  the  alfalfa  plants 
with  a  light  application  of  the  poison  to  kill  the  weevil  larvae  during 
the  period  of  heavy  feeding  in  the  spring. 

Such  poison  never  injures  the  hay  as  feed.  At  cutting  time  too  little 
poison  remains  to  make  the  hay  dangerous.  Spraying  and  dusting  have 
advantages  over  other  methods  since  they  are  practicable  on  all  types 
of  fields,  can  be  done  at  a  time  when  farmers  are  not  busy,  and  are 
effective  and  profitable.  Spraying  with  some  of  the  new  traction 
machines  now  on  the  market  can  be  done  by  one  man  and  a  team,  at 
the  rate  of  20  to  30  acres  a  day  and  at  a  cost  under  $1  per  acre. 

Spraying  in  early  spring  to  poison  the  beetles  before  the  eggs  are 
laid  and  spraying  the  stubble  after  the  first  crop  is  removed  have  been 
partially  successful,  but  the  conditions  which  govern  their  success  are 
not  understood  and  they  are  therefore  not  recommended. 

While  the  results  of  dusting  have  usually  been  good,  in  the  applica- 
tion of  it  there  has  been  uncertainty  as  to  the  amount  of  dust  which 
sticks  to  the  alfalfa,  or  should  stick  to  be  effective,  and  as  to  the 
reasons  for  its  sticking  at  one  time  better  than  another.  It  was 
thought  that  the  day  must  be  calm  and  that  dew  on  the  plants  was 
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a  big  help  in  making  the  powder  stick.  Much  progress  was  made  in 
1924  through  experiments  which  indicate  that  the  attraction  which 
various  kinds  of  poison  dust  have  for  alfalfa  depends  upon  the  elec- 
trical charge  they  receive  as  they  leave  the  dusting  machinery.  Much 
remains  to  be  done  in  improving  the  dusting  machinery  on  the  market 
and  adapting  it  to  alfalfa  dusting,  with  particular  reference  to  the 
way  the  powder  is  fed  from  the  hopper. 

SPRAYING  AND  DUSTING  IN  NEVADA 

In  the  spring  of  1924  spraying  demonstrations  and  a  dusting  experi- 
ment were  conducted  at  Reno,  Nevada,  by  the  State  in  cooperation 
with  the  United  States  Bureau  of  Entomology.  In  1923  the  State 
conducted  spraying  demonstrations  in  the  same  locality.  Fair  success 
attended  these  rather  extensive  spraying  projects,  especially  in  1924. 
Their  purpose  was  to  show  the  growers  of  alfalfa  the  treatment  for  the 
weevil  used  in  other  western  States  and  to  determine  wherein  condi- 
tions in  Nevada  wovdd  demand  changes  in  the  spraying  method.  It 
was  believed  that,  if  the  demonstrations  were  successful  after  the 
fanners  on  the  ground  had  been  shown  how  and  when  to  spray,  then 
the  other  districts  throughout  the  State  should  know  of  the  results  in 
order  to  combat  the  weevil  properly  whenever  it  becomes  injurious. 

DUSTING  EXPERIMENT 

The  results  of  the  dusting  experiment  were  fairly  satisfactory  and 
should  be  considered  as  suggestive  in  future  experimental  work^ 

The  machine  used  was  a  Johnson  Traction  Duster  with  a  homemade 
boom.  A  two-wheel  truck  carried  a  small  hopper  and  a  blower  on  a 
platform  about  five  feet  square,  with  plenty  of  room  for  a  driver's  seat 
and  sacks  of  poison.  Traction  power  and  chain  drive  ran  the  blower 
and  the  agitator  in  the  hopper.  The  boom  was  made  of  galvanized 
iron,  19  feet  long  and  about  four  inches  in  diameter  at  the  center,  and 
tapered  gradually  to  three-fourths  of  an  inch  at  the  ends.  The  center 
was  a  four-inch  T-shaped  tube,  the  base  of  which  fitted  snugly  into  the 
feed  pipe  from  the  blower.  The  boom  was  fastened  by  J-bolts  to  a 
4x4  timber  resting  on  the  rear  of  the  platform  and  extending  slightly 
beyond  the  wheels.  In  going  through  gates  the  two  ends  of  the  boom 
were  pulled  out  of  the  center  piece  after  the  end  J-bolts  had  been 
loosened.  On  the  under  side  of  the  boom  and  throughout  its  entire 
length,  holes  three-sixteenths  of  an  inch  in  diameter  were  drilled  in 
a  row  about  one  and  one-half  inches  apart,  through  which  the  powder 
was  discharged.  It  was  blown  out  of  all  the  holes  at  about  the  same 
rate,  due  to  the  tapering  boom,  except  that  less  powder  came  from  the 
holes  near  the  ends  when  the  amount  in  the  hopper  became  low. 

A  field  of  15  acres  belonging  to  A.  Tachino  on  the  highway  between 
Reno  and  Sparks  was  selected  for  the  dusting.  The  alfalfa  was  20 
to  24  inches  high,  of  heavy  stand,  and  most  of  it  badly  injured  by  the 
weevil.  Like  most  fields  in  the  valley,  the  injury  was  worse  in  certain 
portions,  with  the  difference  not  clearly  marked  or  always  easily  seen. 
Some  portions  could  be  detected  from  the  highway  several  rods  away, 
for  they  looked  yellowish,  as  if  partly  frost-bitten.  This  condition  had 
been  apparent  for  over  a  week,  but  seemed  not  to  get  much  worse,  due 
to  the  healthy  growth  of  the  plants  and  the  heavy  stand.     It  is  prob- 


Digitized  by 


Google 


Dusting  Machine  in  Operation. 


y 

^^D 

^0^^K^^      9 

■fc|^Mr^|Fwi 

^^KkT 

•  dpHpB»,ir                    _  .iJI^^^B 

Bl 

^  -  _   .  V-'  ,•  V*  ,'.■■.',  ^w .  ..^i^^^^^^^^^^^^^^^^^^^^^^B 

Traction  Sprayer  in  Operation. 


Digitized  by 


Google 


—  11  — 

able,  therefore,  that  the  field  might  have  escaped  any  more  serious 
injury,  and  it  is  also  probable  that  better  results  could  have  been 
obtained  if  dusting  had  begun  a  week  earlier. 

Three  plots  were  laid  out  in  the  field  and  dusted  on  June  9  and  10 
with  calcium  arsenate  and  sulphur,  lead  arsenate  and  sulphur,  and 
straight  lead  arsenate  respectively.  The  sulphur  at  the  rate  of  four 
pounds  to  one  of  the  poison  was  used  as  a  filler  because  in  earlier  experi- 
ments in  Utah,  Colorado  and  Idaho  it  had  been  found  to  be  necessary 
for  good  results.  The  amount  of  poison  per  acre  could  not  be  properly 
regulated  and  accurately  measured,  but  was  estimated  at  from  two  to 
four  pounds.  About  half  an  acre  adjoining  each  plot  was  left  undusted 
as  a  check.  The  machine  delivered  the  dust  satisfactorily  most  of  the 
time,  except  that  the  back  pressure  blew  the  powder  out  of  the  top  of 
the  hopper  and  greatly  decreased  the  flow  in  the  boom  when  the  dust 
in  the  hopper  got  as  low  as  three  or  four  inches  from  the  bottom. 

The  plots  which  were  dusted  June  9  and  10  were  swept  with  an  insect 
net  during  the  following  week  and  the  number  of  larvae  caught  for 
each  100  strokes  of  the  net,  as  given  below,  shows  that  there  were  about 
one-fourth  as  many  in  the  dusted  as  in  the  undusted  parts. 

Average  Number  of  Larvae  Per  100  Strokes  in  Dusted  and  Undusted  Plots 
Plot  Dufttcd  Percent 

\o.  Dusted  with  Plot  Check        Killed 

1 Calcium  arsenate  and  sulphur 331  1,222  73 

2 Lead  arsenate  and  sulphur 297  804  G3 

3. Straight  lead  arsenate 221  834  73 

SPRAYING  IN  1924 

In  repeating  the  spraying  demonstrations  in  1924,  in  cooperation 
with  the  United  States  Bureau  of  Entomology,  it  was  thought  that 
better  results  could  be  obtained  if  more  attention  could  be  given  to 
working  out  the  seasonal  history  of  the  weevil,  properly  timing  the 
spraying  and  seeing  that  the  machines  worked  right.  In  order  to 
study  the  spring  seasonal  history  of  the  weevil  in  the  Truckee  Valley, 
that  is,  in  order  to  learn  how  numerous  the  eggs,  larvae  and  adults 
were  at  different  times,  observations  were  made  in  the  same  fields 
throughout  May  and  June,  mostly  by  two  assistants  from  the  Univer- 
sity of  Nevada,  Mr.  J.  J.  McElroy  and  Mr.  R.  M.  Clawson. 

These  men  worked  some  of  their  afternoons  during  May  and  Mr. 
McElroy,  after  school  closed,  continued  throughout  June  as  a  full- 
time  assistant.  In  order  to  determine  how"  numerous  the  weevils  were 
in  different  localities,  how  many  farmers  desired  their  fields  sprayed 
and  which  fields  were  injured  sufficiently  to  warrant  spraying,  trips 
of  inspection  to  different  localities  and  fields  were  made  occasionally 
with  Mr.  Thomas  Buckman,  the  County  Agent,  and,  later  on,  with  Mr. 
George  Schweis,  in  charge  of  the  spraying  machines.  When  spraying 
began,  three  fields  were  selected  for  close  study  and  nearly  all  obser- 
vations as  to  the  effect  of  the  spray  were  confined  to  them.  During 
the  days  spent  in  these  fields  air  and  soil  temperatures  and  relative 
humidity  readings  with  a  sling  psychrometer  were  taken  approxi- 
mately every  hour. 
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DETERMINATION  OF  INJX7BT 

Field  observations  on  the  activity  of  the  weevils  and  the  numbers 
present  were  begun  April  29  when  the  alfalfa  was  2  to  3  inches  high. 
Adult  weevils  were  not  easily  seen  or  found.  It  took  a  close  watch  of 
10  or  15  minutes  usually  to  find  one  crawling  on  the  ground  or  feeding 
on  the  plants.  Having  a  color  resembling  the  soil  they  were  diflScult 
to  see,  and  when  some  one  approached  them  they  usually  fell  off  of 
the  plants  or  crawled  out  of  sight.  When  the  alfalfa  became  higher, 
they  were  caught  by  sweeping  the  tops  of  the  plants  with  an  insect 
net.  By  comparing  the  number  of  specimens  caught  from  the  same 
number  of  similar  strokes  of  the  net,  it  was  possible  to  tell  how  rela- 
tively numerous  the  weevils  were  in  different  fields  and  at  diflferent 
times.  The  number  of  adults  caught  per  100  strokes  of  the  net 
increased  steadily  from  6.6  during  the  middle  of  May  to  48.3  during 
the  middle  of  June. 

TABLE  I 
Showing  Average  Number  of  Adults  and  Larvae  of  the  Alfalfa  Weevil  Caught 
During  May  and  June.  (Months  Divided  into  Approximately  Equal  Periods 
for  Convenience.) 

Pee  100  Strokes  of  the  Net 
Time  Adults  Larv(E 

Middle  of  May CO  222.1 

Late  May 16.9  1.309.9 

Early   June 28.7  1.(593.0 

Middle  of  June 48.3  a32.0 

Late  June 26.1  216.2 

No  sweepings  from  sprayed  fields  included. 

The  increase  in  the  number  of  adults  caught  throughout  May  is 
partly  accounted  for  by  their  increased  activity  while  the  increase  in 
the  first  part  of  June  is  largely  due  to  the  emergence  from  the  cocoons 
of  the  new  generation  of  weevils.  The  decrease  in  late  June  to  26.1 
may  have  been  partly  due  to  poorer  collecting  conditions,  since  fewer 
weevils  remain  near  the  tops  of  the  plants  as  the  summer  heat  increases 
and  since  the  fields  from  which  collections  were  made  in  late  June 
were  not  so  heavily  infested  as  other  fields  which  had  been  cut  and 
from  which  collections  had  been  made  earlier.  The  dying  oflf  of  the 
old  weevils  may  also  have  caused  part  of  the  decrease  in  the  collection 
in  late  June. 

Eggs  were  found  by  splitting  or  carefully  examining  the  green 
alfalfa  stems  and  by  splitting  the  dry  grass  and  alfalfa  stems  on  the 
ground.  During  early  May  2.4  clusters  of  eggs  were  found  per  100 
green  stems,  equally  divided  between  freshly  laid  eggs  and  old  eggs. 
Eggs  were  found  in  greatest  numbers  during  the  middle  of  May  when 
4.5  clusters  occurred  per  100  green  stems.  June  showed  a  sharp 
decrease,  with  the  remains  of  hatched  egg  clusters  far  outnumbering 
the  unhatched,  indicating  that  the  egg-laying  season  had  passed. 

The  number  of  clusters  found  in  green  stems  was  too  small  to 
account  for  the  amount  of  feeding  noticed  one  or  two  weeks  later  or 
for  the  number  of  larvae  caught  at  any  time.  One-half  or  more  of  the 
larv8B  must  have  come  from  eggs  laid  in  the  dry  stems,  and  this  deduc- 
tion is  borne  out  by  the  fact  that  dry  stems  examined  in  June  showed 
an  average  of  5.4  clusters  per  100  stems.  These  consisted  mostly  of 
hatched  clusters.    Moreover,  at  the  beginning  of  the  season  nearly  all 
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the  newly-hatched  larvae  were  found  on  stems  in  which  no  eggs  at  all 
had  been  laid,  showing  that  such  larvae  had  come  from  dry  stem  eggs. 
Exactly  what  proportion  of  the  eggs  are  laid  in  the  dry  stems  in  any 
particular  season  or  field  is  an  important  question  dependent  upon  the 
weather  and  the  condition  of  the  field.  The  number  is  smaller  when 
the  season  is  too  cool  for  much  oviposition  throughout  the  early  part 
of  the  spring  and  subsequently  turns  suddenly  warm.  As  to  the  effect 
of  the  condition  of  the  field  upon  egg-laying,  more  eggs  appear  to  be 
laid  in  dry  stems  in  fields  with  an  abundance  of  grass,  the  hollow, 
dead  stems  of  which  lie  on  the  damp  ground  and  are  favored  by  the 
adults  for  egg-laying. 

The  weevil  larvae  were  scarce  in  early  May.  Out  of  2,200  green 
stems  examined,  only  123  small,  and  3  medium-size  larvae  were  found 
feeding  in  the  tips.  By  the  10th  of  May  the  alfalfa  became  high 
enough  to  sweep  with  a  net  and  the  catch  from  the  sweeping  was 
therefore  depended  upon  as  indicating  the  number  of  larvae  present. 
This  is  a  better  gage  for  larvae  than  for  adults  since  the  former  feed 
continuously  at  the  tops  of  the  plants,  do  not  fall  off  when  disturbed, 
and  therefore  are  more  likely  to  be  caught  in  the  net. 

During  the  middle  of  May  larvae  increased,  as  shown  in  Table  I, 
from  222  per  100  strokes  of  the  net  to  1,693  during  the  first  part  of 
June  and  then  decreased  steadily  to  216  during  late  June.  This 
decrease  would  probably  have  continued  in  a  steady  manner  but  was 
hastened  by  the  cutting  of  the  first  crop,  which  abruptly  removed 
many  larv^ae.  By  Jvdy  22  sweepings  from  the  second  crop  yielded  only 
1.4  lar\^ae  per  100  strokes. 

TIME  TO  SPRAT 

Over  300  larvae  per  25  strokes  were  caught  during  late  May,  as 
shown  by  reducing  figures  in  Table  I ;  25  strokes  is  the  most  convenient 
number  to  take  when  larvae  are  numerous.  The  presence  of  about  this 
number  of  larvae  in  most  of  the  fields  indicated  that  there  would  be 
injury  and  that  spraying  would  probably  be  necessary.  Some  fields 
yielded  more  and  some  less,  and  nearly  every  field  varied  in  different 
portions  in  the  number  of  larvae  caught  and  in  the  amount  of  larval 
feeding  noticeable.  Many  farmers,  seeing  the  feeding  marks  and  find- 
ing larvae  in  the  tips,  were  unnecessarily  alarmed  and  wanted  to  begin 
spraying  immediately. 

It  should  be  pointed  out  here  that  alfalfa  which  is  growing  normally 
can  withstand  a  considerable  amount  of  early  feeding  without  suffer- 
ing serious  injury  or  having  the  tonnage  appreciably  reduced  later  on. 
It  should  be  remembered,  moreover,  that  the  spray,  if  applied  at  the 
first  signs  of  feeding,  may  kill  the  larvae  causing  the  injury,  but  will 
wear  off  or  become  ineffective,  due  to  new  growth,  within  a  week  or  ten 
days  and  consequently  fail  to  kill  the  larvae  hatching  thereafter. 
Spraying  a  little  late  is  better  than  spraying  too  early  if  but  one 
application  of  the  spray  is  planned.  The  Asylum  field  at  Keno  just 
before  spraying  gave  over  1,000  larvae  per  25  strokes,  but  after  spray- 
ing it  recovered  and  within  a  week  looked  green  again. 

The  number  of  larvae  present  as  spraying  time  approaches  is  not  a 
convenient  or  reliable  method  for  the  average  farmer  to  use  in  deter- 
mining the  time  to  spray,  since,  for  one  reason,  the  catch  from  an 
insect  net  varies  according  to  its  size  and  the  manner  of  sweeping ;  no 
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two  men  sweep  exactly  alike.  Some  fields,  moreover,  with  thin  stands 
and  poorly  growing  alfalfa,  showed  sufiBcient  injury  to  warrant  spray- 
ing, although  the  number  of  larvae  was  very  much  smaller  than  300 
per  25  strokes,  whereas  other  fields  with  heavy  stands  and  with  rapidly 
growing  plants  withstood  the  feeding  of  about  1,000  larvae  per  25 
strokes  without  getting  beyond  recovery  through  spraying. 

For  all  practical  purposes  the  best  time  to  spray,  as  shown  by  pre- 
vious experience,  is  just  as  the  alfalfa  begins  to  look  grayish.  This 
slight  change  of  color  is  caused  by  the  feeding  marks  of  the  lar\'8e  and 
indicates  the  degree  of  injury  which  is  the  important  point.  It  usually 
occurs  when  the  larvae  becomes  as  numerous  as  shown  in  Table  I  for 
late  May,  although  much  depends  upon  the  condition  of  the  alfalfa. 
Fortunately,  there  is  a  period  of  several  days,  extending  from  the  time 
the  color  begins  to  change,  when  the  spray  can  be  applied  successfully, 
and  if  spraying  cannot  be  done  during  the  first  part  of  this  period,  it 
is  recommended  that  it  be  tried  during  the  following  week  or  ten 
days.  During  this  period,  if  the  injury  is  severe,  the  alfalfa  will 
probably  become  more  yellowish  or  whitish  and  only  in  extremely 
unfavorable  conditions  will  it  go  beyond  the  point  of  recovery.  The 
beginning  of  this  period  when  spraying  should  be  done  generally 
occurs  two  to  three  weeks  before  the  first  crop  is  cut. 

THE  SPBAYING  MACHINEBT  AND  MATEBIAIJ3 

Preparations  for  the  spraying  demonstrations  were  begun  ^bout 
May  20,  a  few  days  previous  to  the  time  when  the  first  fields  began  to 
look  whitish.  The  two  Bean  Power  Sprayers  used  in  1923  and  a 
new  Iron  Age  Traction  Machine  were  overhauled,  braces  added  to 
strengthen  the  booms,  platforms  and  guards  built  and  other  improve- 
ments made,  including  a  double  acting  hand  pump  on  the  Iron  Age 
Sprayer  for  filling  the  tank. 

The  main  parts  of  these  sprayers  consisted  of  an  engine  in  case  of 
the  power  sprayers,  a  100-gallon  tank  and  pump  with  a  pressure  gage 
mounted  on  a  cart  or  truck,  and  a  long  boom  supporting  the  nozzles. 
The  pump  was  connected  with  the  tank  by  a  thick  suction  hose  and 
with  the  center  and  end  parts  of  the  boom  by  one-half  inch  or  three- 
quarter  inch  pressure  hose.  On  top  of  the  tank  there  was  an  opening 
into  which  fitted  a  box-like  funnel  with  a  forty-mesh  brass  screen 
through  which  the  water  and  poison  passed  as  the  tank  was  filled.  An 
agitator  inside  the  tank  stirred  the  liquid  constantly  and  kept  the 
poison  in  suspension.  The  boom  was  divided  into  three  parts,  one  por- 
tion stationary,  directly  behind  the  tank,  and  the  two  ends  movable  so 
that  they  could  be  raised  in  passing  through  gates.  These  parts  con- 
sisted of  one-half  inch  iron  pipes  about  two  feet  long  joined  by  T's, 
the  third  opening  of  each  T  being  for  the  attachment  of  the  nozzle. 
The  nozzles  used  were  of  the  hollow-cone  type  with  the  opening  in  the 
disc  about  one-sixteenth  of  an  inch  in  diameter.  The  boom  was 
adjusted  so  that  the  nozzles  usually  pointed  straight  downward  and 
sometimes  at  a  slight  angle  outward. 

Spraying  began  May  26  and  ended  June  13.  The  actual  time  con- 
sumed was  241  hours.  Portions  of  18  farms  were  sprayed,  total- 
ling 526  acres,  or  at  the  rate  for  all  the  machines  of  about  22  acres  a 
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day.  At  a  pressure  of  150  to  225  pounds  the  contents  of  the  100 
gallon  tank  covered  1^  to  2  acres,  so  that  in  order  to  apply  the  neces- 
sary amount  of  2  to  3  pounds  of  poison  per  acre,  3  to  4  pounds  of 
calcium  arsenate  were  placed  in  each  tank  full  of  water.  Experience 
has  shown  that  calcium  arsenate  is  the  best  material  for  this  purpose. 

THE  COST 

The  cost  of  these  demonstrations  was  mostly  borne  by  the  State 
through  an  appropriation  of  the  Nevada  Legislature  to  the  State 
Quarantine  Service.  Each  farmer  furnished  a  team  and  a  driver. 
The  expense  of  repairing  and  maintaining  the  machines  was  secondary 
and  no  effort  was  made  to  cover  the  greatest  number  of  acres  at  the 
least  expense  or  in  the  shortest  time.  In  calculating  the  cost  to  the 
farmer  who  does  his  own  spraying  or  who  pools  his  interest  with  a 
group  of  others  in  having  it  done,  the  initial  cost  of  rigging  up  an 
outfit  or  of  purchasing  a  new  one  is  the  mein  expense. 

There  are  four  traction  sprayers  on  the  market  that  have  been  used 
successfully  in  both  Nevada  and  Idaho;  they  cost  about  $300  each. 
These  machines  should  last  from  10  to  15  years;  but  no  figures  are 
yet  available  as  to  the  depreciation  or  the  cost  of  overhauling  and 
making  repairs.  Much  depends  upon  the  care  of  the  machines,  the 
time  used  each  year,  and  the  condition  of  the  roads  and  fields.  In 
calculating  the  number  of  acres  a  machine  can  spray  each  day  and 
the  number  of  days  during  which  spraying  can  be  done  each  spring, 
there  are  available  more  definite  figures,  but  here  again  the  figures 
vary  according  to  the  condition  of  the  fields,  the  man  and  the  team, 
and  the  location  or  availability  of  the  water  supply.  The  average 
number  of  acres  sprayed  per  day  for  the  Iron  Age  machine,  for 
instance,  was  about  24.  This  machine  operated  during  the  whole 
period  when  spraying  was  advisable  and  covered  320  acres.  It  was 
timed  on  a  few  occasions  and  found  that  the  tank  could  be  emptied 
in  15  to  18  minutes  and  filled  by  the  hand  pump  in  4  or  5  minutes. 
The  full  tank,  as  stated  earlier,  usually  covered  1^  to  2  acres. 

This  would  be  at  the  rate  of  4  to  5  acres  an  hour  or  40  to  50  acres 
a  day  if  steady  spraying  and  filling  were  engaged  in  to  the  exclusion 
of  everything  else.  Discounting  these  figures  and  relating  them  to 
what  was  actually  accomplished,  it  would  be  safe  to  say  that  a  machine 
can  spray  25  acres  a  day  and  300  acres  during  a  season.  At  the  season 
when  spraying  takes  place,  the  time  of  the  farmer  and  his  team  ought 
to  be  available  without  adding  extra  cost  to  the  ordinary  expenses  of 
farming.  On  the  basis  of  these  considerations,  we  may  make  the 
following  rough  estimate  of  the  cost  of  spraying : 

Cost  of  spraying  apparatus,  $300.     Per  acre  (assuming  300 

acres  a  year  for  10  years) $0.10 

Annual  Interest  on  investment  at  7%,  per  acre 07 

Overhauling,  repairs  and  fuel,  per  acre 05 

Calcium  arsenate,  2  lbs.  per  acre,  at  15c 30 

$0.52 
One  man.  If  employed  to  drive  team  at  $4  per  day  and  cover 

ing  25  acres,  per  acre $0.16 

Total  per  acre $0.68 
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SESX7I.TS  OF  8PBAYINO 

In  order  to  learn  what  effect  spraying  had  upon  the  appearance  of 
the  alfalfa  and  especially  upon  the  number  of  larvae  and  adults,  three 
fields  were  selected,  as  previously  stated,  for  close  study.  Two  of 
these  fields  were  situated  northeast  of  the  University  at  Reno  where  Ac 
weevil  was  first  found  in  the  Truekee  Valley.  About  35  acres  of  gently 
sloping  ground  with  soil  of  clay  loam  and  good  drainage  was  divided 
into  plots  for  study.  This  was  about  two-thirds  of  the  total  alfalfa 
acreage  on  these  two  farms,  which  had  been  sprayed  in  1923.  The 
other  field  was  located  about  four  miles  east  of  Reno  and  just  south 
of  Sparks.  About  12  acres  of  level  lowland  having  fair  drainage  was 
selected  here.  There  were  several  fields  in  the  vicinity,  none  of  which 
had  been  sprayed  in  1923.  The  alfalfa  on  all  three  fields  was  several 
years  old  and  of  good  stands,  the  two  near  the  University  containing 
some  grass. 

These  fields  were  divided  into  a  total  of  seven  plots,  each  having  a 
representative  portion  left  unsprayed  as  a  check.  All  plots  were 
treated  alike,  except  that  two  received  a  slightly  greater  amount  of 
poison  per  acre.  Five  were  sprayed  with  the  Iron  Age  and  two  with 
one  of  the  Bean  Power  Sprayers.  Each  field  was  visited  about  every 
third  day  and  the  plots  and  checks  swept  with  a  collecting  net.  The 
adults  and  larvae  thus  collected  were  counted  on  the  spot  usually  after 
every  25  strokes.  The  catch  from  the  net  was  emptied  onto  a  news- 
paper spread  out  on  the  ground  and  the  weevils  brushed  aside  as  they 
were  counted.  The  plots  were  sprayed  from  May  25  to  May  29  inclu- 
sive. The  weather  during  this  time  and  up  until  cutting  time  was 
clear,  warm,  and  frequently  windy,  but  without  rain. 

EFFECT  UPON  AJ>UI.T8 

The  number  of  adults  caught  in  the  sprayed  plots  compared  with 
the  number  caught  in  the  checks  varied  slightly  from  day  to  day  and 
from  field  to  field.  In  about  10,000  strokes  of  the  insect  net  taken  in 
June,  there  were  39.2  adults  caught  per  100  strokes  in  the  plots  and 
29.0  in  the  checks — a  rather  remarkably  equal  division.  A  few  days 
after  spraying  there  was  a  striking  reduction  in  the  number  of  adults 
in  the  sprayed  portions  in  all  seven  plots,  but  this  diflference  did  no: 
continue  to  exist  as  shown  by  the  following  statement : 

Showing  Average  Number  of  Adults  2  to  14  Days  After  Spraying 

Per  100  Strokes  Sprayed    Unsprapei 

Plot  1—  3  days  after  spraying 6.2  lao 

(j  (lays  after  spraying 10.0  16.0 

12  days  after  spraying 51.6  40.0 

Plot  2—  2  days  after  spraying 2.6  SaO 

5  days  after  spraying 6.0  50.0 

8  days  after  spraying 6.4  0.0 

Plot  3 —  5  days  after  spraying 9.0  44.0 

8  days  after  spraying 23.5  17.3 

12  days  after  spraying 85.3  86.0 

Plot  4 —  7  days  after  spraying 2.0  36.0 

10  days  after  spraying 11.2  34.6 

14  days  after  spraying 35.2  41.6 

Plot  5 —  5  days  after  spraying 3.6  33.3 

8  days  after  spraying 12.6  6.0 

12  days  after  spraying 38.7  32.8 


Digitized  by 


Google 


17 

Sprayed  Unsprayed 

Plot  6—  3  days  after  spraying 11.5  20.0 

7  days  after  spraying 22.6  15.0 

10  days  after  spraying 35.3  16.6 

Plot  7 —  2  days  after  spraying 4.0  50.0 

6  days  after  spraying 12.0  28.0 

13  days  after  spraying 81.6  46.2 

Thus  there  were  seven  times  as  many  beetles  found  in  the  unsprayed 
as  in  the  sprayed  plots  during  the  first  week  after  the  treatment.  A 
total  of  the  first  figures  for  each  plot  above  gives  38.9  for  the  sprayed 
and  279.3  for  the  unsprayed.  This  reduction  in  numbers  after  spray- 
ing does  not  necessarily  mean  that  the  beetles  were  either  killed  or 
repelled  by  the  poison,  but  only  that  they  were  absent  from  the  tops 
of  the  plants  where  they  would  have  been  caught  in  the  net  if  present. 
The  fact  that  they  were  as  numerous  as  in  the  checks  later  on  either 
shows  that  they  were  not  killed  or  that  their  spread  from  the  checks 
to  the  plots  equalized  matters  or  offset  the  effect  of  the  spray.  These 
results  are  in  line  with  what  has  been  found  to  be  the  case  in  other 
States  and  in  other  years.  The  conclusion  is  drawn  that  the  adult 
weevils  after  feeding  for  a  few  days  upon  the  sprayed  alf aKa  become 
sick  and  stop  feeding  for  a  few  days  and  then  recover  and  return  to 
the  tops  of  the  plants,  by  which  time  the  effects  of  the  poison  have 
worn  off  and  the  plants  have  put  out  a  new  growth.  This  conclusion 
is  supported  by  laboratory  experiments  in  which  adults  have  been 
fed  sprayed  alfaKa  and  by  field  observations  which  have  shown  that 
they  are  sluggish  and  act  sick  for  a  few  days  after  a  field  has  been 
sprayed. 

EFFECT  TXPON  THE  LABV^ 

The  reduction  in  the  number  of  larvae  in  the  sprayed  plots  is  the 
important  factor  since  they,  rather  than  the  adults,  cause  the  injury, 
and  the  reduction  must  be  permanent  and  large  enough  to  remove 
many  thousands  of  them  per  acre  to  make  spraying  successful;  that 
is,  it  must  leave  so  few  that  the  plants  can  grow  faster  than  the  larvae 
can  injure  them.  To  do  this,  over  one-half  of  the  larvae  usually  must 
be  killed,  depending  upon  the  time  of  the  spraying  and  the  season,  the 
degree  of  infestation  and  the  condition  of  the  field.  In  all  the  seven 
plots  and  in  the  miscellaneous  fields  the  number  of  larvae  in  the 
unsprayed  portions  was  at  all  times,  except  once,  very  much  larger 
than  the  number  of  those  sprayed,  ranging  up  to  nearly  40  times  as 
many  and  averaging  7.55  times  as  many  for  all  the  observations  taken 
in  the  month  following  the  spraying,  involving  nearly  13,000  strokes 
of  the  net.  • 

The  following  statement  shows  the  average  number  of  larvae  caught 
in  the  sprayed  and  unsprayed  portions  of  one  of  the  plots  of  each  field 
for  a  few  weeks  after  spraying : 

.  Average  Number  of  Larvse  Per  100  Strokes 

Fieidl,  plot2  (J.  L.  Raflfetto).  Sprayed  May  28—    Sprayed  Unsprayed 

At  time  of  spraying 831.5  831.5 

2  days  after  spraying 485.3  1.096.0 

5  days  after  spraying 336.0  1,956.0 

8  days  after  spraying 104.8  1,454.0 

12  days  after  spraying 9(>.5  725.0 

13  days  after  spraying 18.3  436.0 

15  days  after  spraying 26.3  686.0 

19  days  after  spraying 19.6  443.0 

26  days  after  spraying..: 7.7  128.0 
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Field  2,  plot  1  (A.  Ramelli).     Sprayed  May  27 —   Sprayed  Vnsprayed 

At  time  of  sprayins: 1,611.2  1,611.2 

6  days  after  spraying 396.6  2,992.0 

9  days  after  spraying 236.0  3.304.0 

13  days  after  spraying 133.2  3,004.8 

16  days  after  spraying 62.8  2,114.4 

19  days  after  spraying 57.5  1,232.0 

20  days  after  spraying 50.0  632.0 

Field  2,  plot  2  (C.  J.  Christianson).    Sprayed  May  29— 

At  time  of  spraying 536.6  536.6 

2  days  after  spraying I,98a0  4,230.0 

6  days  after  spraying 520.0  2,006.0 

13  days  after  spraying 381.6  682.0 

16  days  after  spraying 436.0  902.0 

The  figures  for  the  sprayed  and  unsprayed  portions  at  time  of  spray- 
ing represent  a  field  average. 

Similar  results  are  obtained  if  each  field  be  taken  by  itself  combin- 
ing the  figures  from  the  various  plots.  Since  the  whole  field  was  not 
sprayed  on  the  same  day,  the  figures  are  tabulated  by  dates  instead  of 
by  the  number  of  days  after  spraying : 

Field  1,  all  plots  (Sprayed  May  27-28)— 

June   2 635.2  1,840.6 

June   5 260.8  1,642.4 

June   9 ^ 130.3  644.5 

June  10 18.3  436.0 

June  12 51.5  795.6 

June  16 32.4  393.4 

June  23 13.2  302.2 

June  24 12.0  152.0 

June  26 9.3  145.0 

June  27 7.3  102.4 

Average  Number  of  Larve  per  100  Strokes 

Field  2,  both  plots  (Sprayed  May  27-29)—               Sprayed  Unsprayed 

June   3 309.2  2,048.8 

June   6 111.2  2,582.4 

June  10 71.7  2,3210 

June  13 1 15.0  1,567.1 

June  16 57.5  1,232.0 

June  17 50.0  632.0 

Field  3,  both  plots  (Sprayed  May  28-29)— 

May  31 1 ,848.4  2,624.0 

June   4 (H6.9  1.764.0 

June   7 666.7  1,864.0 

June  11 330.7  l,00a0 

June  14 665.1  1,225.1 

This  statement  shows  the  results  by  periods  for  June : 

Field  1,  plot  1  (Sprayed  May  27) —                            Sprayed  Unsprayed 

Early  June 235  502 

Middle  June 23  236 

Field  1,  plot  2  (Sprayed  May  28)— 

Early  June 147  1,128 

Middle  June 17  445 

Field  1,  plot  3  (Sprayed  May  28)  — 

Early  June 447  1,559 

Middle  June 38  370 

Field  2,  plot  1  (Sprayed  May  27)  — 

Early  June 233  3,092 

Middle  June 57  1,300 

Field  2,  plot  2  (Sprayed  May  29)  — 

Early  June 119  1,452 

Middle  June 82  1,305 
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Field  3,  plot  1  (Sprayed  May  29) —                          Sprayed  Imprayed 

Early  June 670  1.775 

Middle  June 424  1 ,400 

Field  3.  plot  2  (Sprayed  May  29)— 

Early  June 520  2,00(^ 

Middle  June 402  738 

Miscellaneous  fields — 

Early  June 106  1,602 

Middle  June 84  705 

EFFECT  TXPON  THE  CBOP 

The  appearance  of  a  field  about  a  week  after  spraying  is  the  practi- 
cal indication  of  the  success  or  failure  of  the  spray.  In  almost  every 
field  sprayed  the  line  of  demarcation  between  the  gray  of  the  checks 
and  the  green  of  the  plots  sprayed  was  noticeable,  in  some  cases  a  few 
feet  away  and  in  others  several  rods  or  a  quarter  of  a  mile  away  (see 
pictures).  The  checks  varied  from  a  slightly  yellowish  tinge  to  a  dis- 
tinctly whitish  color,  depending  upon  the  degree  of  infestation  and  the 
way  the  alfalfa  was  overcoming  the  injury,  while  the  sprayed  portions 
took  on  a  greener  appearance.  Although  the  feeding  marks  made 
before  or  just  after  spraying  persisted  until  cutting  time,  they  were 
concealed  by  a  new  growth  at  the  tips.  Grass  in  many  fields  prevented 
the  plots  from  showing  up  in  contrast  to  the  checks.  Cutting  was  gen- 
erally early  and  several  fields  were  cut  about  ten  days  after  spraying, 
too  early  to  get  the  full  benefit  of  the  spray.  In  a  few  lightly  infested 
fields  the  alfalfa  overcame  the  injury  in  the  checks  so  that  the  appar- 
ent diflPerence  between  the  checks  and  the  plots  disappeared  in  two  or 
three  weeks  after  spraying  and  was  shown  only  by  the  greater  number 
of  feeding  punctures  noticed  in  the  cheeks. 

After  the  first  crop  was  cut  the  difference  in  the  appearance  of  the 
plots  and  the  checks  was  not  apparent  except  to  a  slight  extent  in  one 
or  two  fields,  and  persisted  for  only  three  or  four  days.  Instead  of 
being  delayed  as  usual,  the  second  crop  on  all  the  checks,  with  the 
slight  exceptions  just  noted,  came  up  immediately  after  cutting  and  as 
fast  as  on  the  treated  plots. 

It  will  be  seen  that  Field  Number  2  showed  the  greatest  contrast 
between  the  sprayed  plots  and  checks.  This  was  a  field  which  received 
a  slightly  greater  amount  of  poison  per  acre,  two  and  two-thirds  pounds 
per  acre  (four  pounds  per  tank  full  of  water  applied  to  one  and  one- 
half  acres)  while  the  other  fields  received  two  pounds  per  acre.  It 
appears  that  the  better  results  were  due  to  the  greater  amount  of  poison 
applied ;  two  pounds  per  acre,  however,  gave  good  practical  results,  as 
it  has  done  in  other  years. 

SECOND  SPRAT 

Prom  a  report  of  the  results  in  1923  it  was  thought  that  two  appli- 
cations of  the  spray  might  sometimes  be  necessary,  as  for  instance  when 
the  poison  has  been  rendered  ineffective  by  a  heav>^  rain  soon  after 
spraj-ing  or  when,  as  in  some  seasons  in  western  Idaho,  the  hatching 
of  the  eggs  is  extended  over  a  such  a  long  period  and  the  feeding  of  the 
larvae  is  so  prolonged  that  the  later  ones  are  able  to  feed  upon  the  new 
growth  which  has  appeared  since  the  spray  was  applied.  No  second 
spraying  was  needed  in  1924,  but  for  experimental  purposes  six  acres 
in  t^o  different  fields  were  sprayed  again  on  June  10,  two  weeks  after 


Digitized  by 


Google 


Alfalfa  Fields  After  Spraying.    The  Lighter  Portions  are  the  Check  Plots 
which  were  Left  Unsprayed. 
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the  first  application,  and  the  number  of  larvsB  was  still  further  reduced, 
as  shown  below : 

Average  Number  of  Larvae  Per  100  Strokes 

Two  sprays  One  spray  Check 

Field  1,  plot  3  —June  12 209.6  120.6  1,167.0 

June  16 12.0  50.1  570.0 

June  28 4.0  22.0  389.3 

June  25 2.1  12.0  152.0 

I     Field  2,  plot  1  —June  10 133.2  3,004.8 

June  13 83.6  62.8  2,114.4 

June  16 19.5  57.5  1,232.0 

June  17_ 3.2  37.5  632.0 

A  second  spraying  is  necessary  under  certain  climatic  conditions, 
but  under  those  of  western  Nevada  a  single  thorough  treatment  should 
be  enough.  Where  two  are  necessary,  the  second  should  be  applied  a 
week  or  two  weeks  later,  after  the  first  has  been  outgrown  and  the 
fields  begin  to  show  injury  again. 

Some  false  hopes  have  arisen  regarding  spraying.  It  will  not  get  rid 
of  the  weevil,  and  it  is  not  certain  that,  even  if  every  farmer  in  the 
locality  were  to  spray,  the  number  of  weevils  which  survived  to  pro- 
duce larvae  the  following  spring  would  be  sufficiently  reduced  to  make 
spraying  unnecessary  the  second  year.  There  are  variations  in  weevil 
damage  from  year  to  year;  and  some  of  them  are  caused,  at  least  in 
part,  by  the  spraying  of  previous  years,  but  they  may  also  be  caused 
by  independent  factors  such  as  variations  in  climate  and  water  supply, 
parasites  and  other  natural  enemies,  pasturing,  crop  rotation  and  other 
practices. 

The  control  of  the  weevil  by  these  factors  is  not  to  be  confused  with 
the  effect  upon  the  spraying  process  itself.  Growing  conditions 
before,  during,  and  after  spraying  time  may  greatly  increase  or 
decrease  the  effectiveness  of  the  treatment.  A  distinction  must  also 
be  drawn  between  alfalfa  which  is  poor  solely  because  of  the  weevil 
injury  and  that  which  is  suffering  from  unfavorable  soil,  water  and 
drainage  conditions.  There  is  a  tendency  on  the  part  of  some  farmers 
to  attribute  poor  crops  to  the  weevil,  even  in  fields  which  were  unprofit- 
able before  the  weevil  came,  and  in  which  the  severity  of  its  attack  is 
greatly  increased  by  the  unthrifty  condition  of  the  alfalfa.  It  is 
obvious  that  spraying  alone  will  not  make  these  fields  productive. 

On  the  other  hand,  many  alfalfa  growers  are  disappointed  to  find 
that  the  feeding  marks  on  the  first  crop  are  not  blotted  out  by  the  spray 
and  feel  tempted  to  cut  the  crop  prematurely  and  before  the  full  effect 
of  the  spraying  is  obtained.  Cutting  too  soon  after  the  spraying 
reduces  its  effect  and  may  make  it  unprofitable.  The  benefits  to  the 
second  crop  from  spraying  are  proportional  to  the  number  of  larvsB 
killed  on  the  first  crop  and  this  continues  for  at  least  a  week  after 
spraying  and  consequently  this  much  time  should  elapse  before  the  first 
crop  18  cut. 

The  question  of  ploughing  up  the  alfalfa  is  often  considered  by 
farmers  having  their  first  year's  experience  with  weevil  injury.  As 
for  killing  off  the  weevils,  this  radical  method  is  not  effective  or  advis- 
able, because  the  weevils  would  live  on  volunteer  alfalfa  and  other 
legumes  and  return  to  the  field  again  as  soon  as  it  was  reseeded.  Crop 
rotation,  however,  may  have  indirect  benefits  both  in  decreasing  the 
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number  of  weevils  for  any  particular  year  and  in  producing  alfalfa 
better  able  to  withstand  or  outgrow  the  weevil  attack. 

Spraying  was  blamed  for  burning  the  timothy  which  grew  with  the 
alfalfa  in  many  fields.  Sometimes  almost  every  blade  of  timothy  in 
sprayed  fields  was  found  dried,  curled  up  and  covered  with  brown 
patches  as  though  it  had  been  burned,  but  as  timothy  similarly  affected 
was  found  in  fields  which  had  not  been  sprayed  it  doubtless  was 
attacked  by  some  smut  or  rust. 

TROUBLE  EXPEBIENCED  WITH  SPRAT  OUTFITS 

More  trouble  was  experienced  with  the  power  sprayers  than  with  the 
traction  sprayer.  The  former,  while  they  gave  some  engine  trouble, 
caused  delay  more  through  defective  parts  of  the  engine,  pump  or  boom 
breaking  or  working  loose.  A  "breaker  joint  roller'*  on  one  of  the 
power  sprayers  broke  and  could  not  be  replaced  in  time  for  the  sprayer 
to  continue  on  the  program  as  planned.  The  agitator  chains  broke 
occasionally  or  kept  coming  off,  and  the  joints  of  the  booms  worked 
loose  and  leaked,  due  largely  to  deep  threading  followed  by  jolting  over 
rough  roads  and  furrowed  fields.  This  latter  defect  was  true  also  of 
the  traction  machine  but  to  a  less  extent,  probably  because  of  its 
being  much  lighter.  The  nozzles  clogged  only  occasionally,  once  in 
particular  due  to  particles  of  paint  and  chips  of  wood  inside  the  tank 
before  it  was  properly  cleaned,  and  at  another  time  when  a  new  lot  of 
calcium  arsenate  was  used  which  was  not  finely  enough  ground  and 
which  did  not  remain  long  enough  in  suspension.  During  the  spray- 
ing the  heavy  power  sprayers  crushed  down  more  alfalfa  with  their 
wide  wheels  than  did  the  lighter  traction  machine,  and  because  the 
booms  were  about  half  as  long,  they  made  about  twice  as  many  trips 
through  the  fields.  At  the  time  of  cutting,  the  alfalfa  in  the  tracks 
of  the  power  sprayers  had  failed  to  straighten  up  fully  in  one  or  two 
fields  and  was  mostly  passed  over  by  the  mower  whenever  the  latter 
happened  to  go  in  the  same  direction  as  the  sprayer,  that  is  in  the 
direction  in  which  the  plants  had  been  bent  down.  This  condition  was 
caused  by  the  traction  outfit  to  a  slight  extent  wherever  the  ground 
was  partly  damp  at  the  time  of  spraying. 

CONCLUSION 

The  alfalfa  weevil  now  occurs  in  several  of  the  most  important 
alfalfa  districts  in  Nevada  and  will  probably  soon  spread  to  the  remain- 
ing sections.  From  the  point  of  view  of  the  harm  it  can  or  may  do 
and  of  the  indirect  loss  and  annoyance  to  farmers,  ranchers  and  busi- 
ness men  through  the  quarantines  imposed  by  certain  States,  it  is  one 
of  the  most  destructive  and  important  insect  pests  in  the  State.  But 
there  is  no  cause  for  alarm  for,  if  the  weevil  is  not  controlled  by  natural 
means,  it  can  be  met  by  the  control  measures  briefly  described  in  this 
bulletin,  especially  by  spraying.  In  addition  to  the  control  measures, 
the  history  of  the  spread  of  the  weevil  and  an  outline  of  its  life  histoiy 
are  given,  followed  by  a  more  complete  account  of  the  demonstrations 
conducted  in  the  Truckee  Valley  in  1924.  The  results  of  these  demon- 
strations corroborate  the  work  done  in  other  States  and  in  other  years 
and  show  spraying  to  be  an  effective,  practicable,  and  profitable  method 
of  control. 
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FOREWORD 


This  bulletin  is  based  on  information  gathered  from  stockmen  and 
upon  long  series  of  feeding  experiments  conducted  by  the  Nevada 
Agricultural  Experiment  Station.  The  sheep  and  cattle  were  typical 
range  animals,  and  every  effort  was  made  to  have  the  conditions  of 
the  feeding  tests  conform  as  closely  as  possible  to  range  conditions. 

The  results  of  the  feeding  tests  are  given  in  full  detail  and  the  bul- 
letin necessarily  contains  some  technical  matter  of  greater  interest  to 
chemists  and  veterinarians  than  to  owners  of  live  stock.  For  the 
assistance  of  stockmen,  therefore,  a  summary  has  been  prepared  and 
placed  at  the  beginning.  This  will  enable  the  busy  owner  of  live  stock 
to  get  a  clear  idea  of  chokecherry  poisoning  and  the  conditions  under 
which  it  occurs,  without  being  obliged  to  read  the  entire  bulletin.  To 
read  it  in  full  detail,  however,  will  be  well  worth  while. 

S.  B.  DOTEN, 

Director. 
University  of  Nevada,  March,  1926. 
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SUMMARY 


(1)  Under  certain  grazing  conditions  the  common  chokecherry  of  the 
mountain  canyons  is  poisonous  to  sheep  and  cattle. 

(2)  It  is  a  bush  or  small  tree  with  dark-green  glossy  leaves.  It  bears 
masses  of  white  flowers  in  long  clusters  in  the  spring,  and  a  profusion 
of  small  purple  cherries  in  similar  clusters  in  the  autumn. 

(3)  It  grows  in  hillside  thickets  or  in  dense  masses  around  moist 
spots  on  canyon  slopes  or  as  a  tall  shrub  or  small  tree  among  willows, 
poplars  and  alders  along  the  mountain  streams. 

(4)  The  leaves  are  poisonous  to  cattle  and  sheep  from  the  end  of 
April  to  the  end  of  August.  After  August  they  become  less  dangerous 
and  by  October  they  have  lost  their  poisonous  properties. 

(5)  Cattle  and  sheep  do  not  relish  the  chokecherry  leaves  and  will 
not  eat  them  unless  driven  to  do  so  by  hunger.  Fatal  poisoning  occurs 
on  ranges  where  drought  and  overstocking  strip  the  range  of  grass  and 
other  forage  and  thus  force  the  stock  to  eat  the  chokecherry. 

(6)  It  does  not  take  a  very  large  quantity  of  the  leaves  to  kill  cattle. 
In  experimental  tests  a  fatal  dose  for  a  500  pound  animal  is  about 
one  and  one-half  pounds  of  the  leaves.  A  sheep  may  be  killed  by  a 
little  more  than  one-fourth  pound. 

(7)  The  fatal  quantity  must  be  eaten  in  one  feeding;  for  the  poison 
is  thrown  oflf  rapidly  by  the  animal's  system;  it  does  not  accumulate 
nor  does  the  animal  become  immune  to  the  poison  by  eating  small 
quantities  of  the  leaves  daily. 

(8)  Because  the  poison  is  thrown  off  so  rapidly  the  animal  may  eat 
in  the  course  of  the  day,  in  small  lots,  several  times  the  fatal  dose 
without  being  poisoned.  This  explains  the  fact  that  chokecherry 
bushes  are  often  grazed  without  causing  any  losses  of  live  stock. 

(9)  The  poisoned  animal  becomes  very  uneasy,  staggers,  falls,  goes 
into  convulsions,  breathes  with  increasing  diflSculty  with  eyes  rolling 
and  tongue  hanging  out.  Then  it  becomes  quiet,  bloats  and  dies, 
usually  within  less  than  an  hour  after  eating  the  leaves. 

(10)  The  active  poisonous  principle  of  the  chokecherry  is  hydro- 
c>'anic  (prussic)  acid.  It  is  given  off  from  certain  chemical  compounds 
in  the  crushed  and  moistened  mass  of  leaves  in  the  animal's  stomach. 

(11)  The  post-mortem  conditions  are  those  usually  found  in  cases 
where  death  is  due  to  suffocation.  The  lungs  are  heavy  with  blood,  the 
mucous  membranes  of  the  mouth  are  blue.  When  the  stomach  is 
opened  and  the  contents  are  stirred  a  strong  order  of  prussic  acid  will 
be  observed. 
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THE  COMMON  CHOKECHERRY  AS  A  PLANT  POISONOUS 
TO  SHEEP  AND  CATTLE 


For  several  years  in  important  grazing  sections  of  Nevada,  owners 
of  cattle  and  sheep  have  suspected  the  common  chokecherry  of  poison- 
ing live  stock  that  grazed  too  freely  upon  its  leaves.  Many  inquiries 
for  information  on  this  topic  have  been  received  at  the  University. 
Feeding  tests  made  at  the  Agricultural  Experiment  Station,  supple- 
mented by  range  observations,  now  show  conclusively  that  the  opinion 
of  the  stockmen  is  correct.  In  fact,  the  chokecherry  can  be  held 
accountable  for  the  death  of  many  head  of  live  stock  where  grazing 
conditions  lead  them  to  eat  an  excessive  quantity  of  the  leaves. 

Wbat  This  Bulletin  Includes. 

The  studies  made  and  reported  upon  in  this  bulletin  cover  the  fol- 
lowing topics:  (1)  The  appearance  of  the  chokecherry,  and  the  places 
where  it  is  found  growing.  (2)  Its  palatability  to  live  stock.  (3)  The 
part  of  the  plant  that  is  poisonous.  (4)  The  classes  of  live  stock  that 
are  poisoned.  (5)  The  time  of  year  when  it  is  most  poisonous.  (6)  The 
conditions  under  which  poisoning  occurs.  (7)  Feeding  experiments  to 
find  out  whether  the  poison  accumulates  from  day  to  day  or  whether  it 
is  rapidly  eliminated.  (8)  Similar  tests  to  learn  whether  the  animal 
may  become  immune.to  the  poison  after  repeated  small  feedings.  (9) 
Long  series  of  feeding  tests  of  various  quantities  of  the  leaves  to  obtain 
accurate  knowledge  of  the  symptoms  shown  by  the  poisoned  animals, 
seasonal  variation  in  the  poisonous  properties  of  the  plant,  and  the 
quantity  of  leaves  required  to  kill  cattle  and  sheep.  (10)  Possible 
remedies.  (11)  Chemical  studies  of  the  nature  of  the  poisonous  prin- 
ciple of  the  plant.  (12)  The  post-mortem  condition  of  poisoned  animals. 

I>escrli»tion  of  the  Ohokecherry. 

The  chokecherry  belongs  to  the  plum  family.  But  it  diflfers  from 
other  members  of  the  family  in  the  fact  that  the  leaves  appear  before 
the  flowers,  and  it  does  not  come  into  full  bloom  until  it  is  in  almost 
fullleaf. 

The  chokecherry  ranges  in  height  from  a  low-growing  bush  to  a 
small  tree.  Sometimes  it  forms  low  thickets  around  damp  places  on  dry 
hillsides,  often  it  grows  to  greater  height  in  the  neighborhood  of  iso- 
lated mountain  springs.  Again  it  may  reach  a  height  of  25  feet  or 
more  and  take  on  a  tree-like  form  where  it  finds  congenial  conditions 
of  soil  and  moisture  along  the  streams. 

The  leaves  usually  begin  to  appear  in  April  and  the  bush  is  in  full 
leaf  late  in  May.  The.leaves  are  oblong,  dark  green  and  glossy,  rounded 
at  the  base  and  tapering  at  the  tip.  The  full-grown  leaf  is  about  twice 
as  long  as  it  is  broad ;  the  margins  are  slightly  toothed.  'Somewhere 
between  the  middle  of  May  and  the  first  few  weeks  in  June  the  choke- 
cherry bushes  are  fairly  covered  with  a  mass  of  white  flowers.  The 
individual  flowers  grow  in  long  drooping  clusters.  At  this  season  the 
shrub  is  very  ornamental  and  it  has  in  fact  been  brought  under  cultiva- 
tion because  of  the  beauty  of  the  flowers  and  the  f oilage. 

The  flower  clusters  are  replaced  by  drooping  clusters  of  fruits,  each 
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FIOUBE  1.  Stages  of  Chokecherry  Poisoning.  These  photographs  show 
the  progress  of  poisoning  from  the  first  uneasiness  to  final  bloating  and 
death. 
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containing  a  pit  like  a  small  cherry  stone.  Late  in  the  summer  the 
color  of  the  .fruit  changes  from  dark  green  to  a  ruddy  purple  which 
becomes  almost  black  at  the  time  of  the  first  frost.  When  nearly  ripe 
the  red  chokecherries  are  bitter  and  astringent ;  but  later  in  the  season, 
when  they  have  turned  deep  purple  and  are  almost  ready  to  drop  from 
the  stem,  the  taste  becomes  more  agreeable,  and  they  are  often  gathered 
in  considerable  quantities  and  eaten  or  made  into  preiserves. 

SegloiiB  Where  the  Ohokecherry  OrowB. 

The  chokecherry  is  very  widely  dis- 
tributed in  western  America.  It  is 
found  in  fact  from  parts  of  Canada 
south  to  New  Mexico.  In  Nevada  it 
usually  grows  in  the  neighborhood  of 
small  streams  in  the  mountain  can- 
yons or  in  the  foothill  regions  where 
there  are  springs  or  seepage.  In  all 
these  places  it  may  be  found  in  small 
thickets  of  almost  pure  growth  but  it 
is  more  usually  found  growing  with 
other  woody  plants  such  as  alders, 
aspens,  willows,  dogwoods  or  other 
shrubby  bushes  such  as  the  goose- 
berry and  the  wild  currant. 

The  Palatability  of  Chokecherry  Leaves. 

The  taste  of  the  chokecherry  leaves 
is  not  pleasant  and  does  not  appeal 
to  range  live  stock;  although  some 
animals  will  eat  the  leaves  more  read- 
ily than  others.  In  general  they  are 
not  eaten  by  either  cattle  or  sheep  in 
dangerous  quantities  unless  there  is  a 
distinct  shortage  of  grass  and  other 
forage.  The  leaves  cause  all  the  live 
stock  losses  for  which  this  plant  is 
responsible. 

OonditiODB     Under     Which     Chokecherry 
Poisoning  Takes  Place. 
Poisoning  of  range  live  stock  usu- 
ally takes  place  on  overgrazed  ranges 
where  the  animals  are  driven  close  to 
chokecherry  thickets  or  along  sheep 
trails  where  there  is  little  else  for  the 
animal  to  eat.     In  times  of  drought 
Figure  2.    Flowers  of  the  and  short  range  feed  the  danger  of 

Chokecherry.  poisoning   increases;    for   on   ranges 

where  there  is  only  a  scanty  supply  of  grass  and  other  range  plants 
the  animals  become  hungry  enough  to  east  fatal  quantities  of  choke- 
cherry or  other  plants  that  they  ordinarily  do  not  relish. 

The  Classes  of  Live  Stock  That  Are  Poisoned. 

There  is  every  reason  to  believe  that  the  chokecherry  is  equally 
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FIOX7BE  3.    Three  Stages  of  Cliokecherry  Poisoniiig  in  Sheep. 
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poisonous  to  cattle,  sheep  and  horses,  but  under  ordinary  conditions 
the  few  horses  on  the  range  escape  because  of  their  habit  of  feeding 
on  the  higher  hill  ridges.     The  only  losses  actually  reported  which 
could  be  clearly  traced  to  chokecherry  were  among  sheep  and  cattle. 
The  Time  of  Year  Wlien  the  Chokecherry  is  Poisonous. 

In  late  spring  and  early  summer  the  leaves  are  more  poisonous  than 
they  are  later  in  the  season.    Late  in  the  summer  they  begin  to  lose 
their  poisonous  properties;    and  in  autumn  they  become  practically 
harmless. 
Uve  Stock  Losses  and  Seasonal  Changes  in  Poisonous  Property  of  the  Leaves. 

Although  the  leaves  are  most  deadly  in  spring  and  early  summer, 
poisoning  is  not  apt  to  occur  then  because  the  chokecherry  is  not 
relished  by  range  animals  and  they  can  find  enough  grass  and  other 
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FIOUBE  4.    Chokecherry  Branches  Stripped  of  Leaves  by  Grazing  Animals. 

forage  to  supply  their  needs  without  eating  a  plant  whose  flavor  is  not 
agreeable.  However,  as  the  season  advances,  the  more  palatable  forage 
on  some  of  the  ranges  becomes  so  scarce  that  range  live  stock  will  then 
graze  on  many  plants  which  they  would  ordinarily  dislike  and  avoid. 
Under  these  conditions  they  may  eat  enough  of  the  chokecherry  at  one 
time  to  cause  death.  Only  a  little  later  in  the  summer,  however,  the 
power  of  the  leaves  to  kill  falls  off  rapidly;  and  even  with  a  short 
supply  of  better  forage  the  danger  of  chokecherry  poisoning  may  not 
be  very  great.  The  danger  is  always  greatest  on  ranges  where  the 
grass  and  tender  plants  give  out  early  and  are  almost  gone  at  the  time 
when  the  chokecherry  leaves  are  most  poisonous. 
Symptoms  of  Poisoning  in  Cattle. 

The  following  description  of  typical  cases  of  chdjecherry  poisoning 
will  give  a  clear  idea  of  the  whole  series  of  symptoms  from  the  first 
uneasiness  until  death: 
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Case  No.  1 

10:25  a.m.    An   animal   weighing  402  pounds   is   fed   19  ounces  of  freshly 

gathered  chokecherry  leaves. 
10 :35  a.  m.    The  animal  is  in  distress  and  walks  with  an  unsteady  gait 
10 :40  a.  m.    The  animal  staggers  and  totters  and  seems  barely  able  to  keep  on 

its  feet 
10 :47  a.  m.    The  animal  falls  and  breathes  with  difficulty. 
11:00  a.m.    Respiration  14. 
11 :02  a.  m.    The  eyes  roll,  the  pupils  are  dilated*    The  animal  breathes  with 

increasing  difficulty. 


FIOUBE  5.    Chokecherry  Bushes  in  Late  Summer. 

11 :03  a.  m.    There  are  signs  of  bloating. 

11 :04  a.  m.    The  animal  groans,  breathes  slowly  with  great  noise  and  difficulty. 

The  mouth  is  wide  open,  the  tongue  hangs  out,  the  muscles  of 

the  eyes  twitch. 
11 :05  a.  m.    The  pulse  is  116.    The  first  convulsions  occur  with  a  rapid  numing 

movement  of  the  legs. 
11:09  a.m.    The   convulsions   continue  with    intervals  of  deathlike  stillness 

during  which  the  eyes  are  glasoy  and  roll  upward. 
11 :13  a.m  .    Respiration  10. 

11 :14  a.  m.    The  convulsions  cease.    The  animal  becomes  unconscious. 
11 :17  a.  m.    Death. 
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FIOUBE  Q.    Leaves,  Frnlt,  and  Flowers  of  the  Western  Chokecherry. 
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Case  No.  2 
In  this  case  an  animal  weighing  472  pounds  was  fed  a  little  more 
than  a  pound  of  the  green  chokecherry  leaves.  Five  minutes  later  it 
was  uneasy  and  showed  signs  of  distress.  Within  five  minutes  more 
there  were  pronounced  symptoms  of  poisoning.  The  gait  was  unsteady, 
the  breathing  was  labored  and  rapid  and  there  was  a  strongly  defined 
muscular  twitching.  Twenty  minutes  after  the  feeding  the  animal 
showed  signs  of  recovery,  although  it  still  walked  unsteadily  and  the 
muscular  twitching  continued.  Twenty  minutes  later,  however,  it 
walked  normally,  drank  water  and  ate  hay  and  appeared  to  have  fully 
recovered. 

Case  No.  3 
9 :00  a.  m.    An  animal  weighing  G52  pounds  is  fed  exactly  two  pounds  of  the 

green  chokecherrj'  leaves. 
9:12  a.m.    The  animal   is   uneasy,   walking  unsteadily   and    breathing  with 

difficulty. 
9 :20  a.  m.    The  gait  is  tottering. 
9 :23  a.  m.    The  animal  falls. 
9 :25  a.  m.    The  animal  struggles,  and  there  are  almost  continuous  convulsive 

movements. 
9 :30  a.  m.    The  convulsions  are  less  frequent,  the  eyes  are  glassy  and  rolled 

upward,  the  pupils  are  large.    The  animal  gasps  and  strangles, 

the  mouth  is  wide  open  and  the  tongue  hangs  out. 
9 :40  a.  m.    The  animal  bloats  and  lies  in  death-like  stillness. 
9 :45  a.  m.    Death. 

Prom  these  descriptions  of  typical  cases  it  is  easy  to  see  that  the 
general  course  of  fatal  poisoning  may  be  separated  into  four  stages: 

(1)  A  period  of  uneasiness  during  which  the  poisoned  animal  will  walk 
or  run  a  short  distance  and  then  stop.  This  period  of  constant  move- 
ment and  rapid  change  of  position  is  followed  by  the  second  stage. 

(2)  In  this  stage  respiration  is  diflScult,  muscular  control  is  lost,  the 
gait  becomes  unsteady  and  the  animal  totters  and  falls.  (3)  During 
the  third  stage  extreme  difl5culty  in  breathing  is  shown  by  the  wide 
open  mouth  with  hanging  tongue  and  very  pronounced  gasping  and 
strangling.  During  this  stage  the  poisoned  animal  struggles  and  its 
convulsions  are  severe  and  almost  continuous.  The  eyes  roll,  the 
pupils  are  dilated.  There  is  usually  a  muscular  twitching  of  the  lips, 
eyes,  or  flanks,  the  convulsions  subside  slowly  and  the  animal  lapses 
into  almost  complete  insensibility.  This  is  the  beginning  of  the  fourth 
stage  which  is  brief.  (4)  The  poisoned  animal  lies  motionless  on  the 
ground  with  outstretched  legs.  At  intervals  there  may  be  for  a  few 
seconds  a  feeble  running  movement  of  the  legs.  Breathing  and  heart 
action  have  almost  ceased.  Bloating  begins  slowly  and  gradually 
increases  until  death.  The  resipration  ceases  entirely,  the  pulse  con- 
tinues for  a  few  moments,  stops,  and  death  follows. 

Possible  Bamedies 

The  action  of  the  poisonous  principle  of  chokecherry  leaves  is  very 
rapid;  and  the  poison,  hydrocyanic  acid,  is  so  deadly  that  on  the 
range  there  is  no  opportunity  for  the  use  of  any  remedies.* 

It  may  be  of  some  interest,  however,  to  note  the  fact  that  in  cases  of 
hydrocyanic  acid  poisoning  in  farm  animals  some  relief  has  been 
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obtained  by  the  use  of  a  drench  made  up  of  equal  parts  of  sodium 
carbonate  and  iron  sulphate.  A  leaflet^  issued  by  the  College  of 
Agriculture  of  the  University  of  California  gives  the  following  direc- 
tions for  preparing  this  drench : 

Bottle  No.  1 — Select  a  strong  bottle  of  at  least  a  quart 
capacity  having  a  long  neck  suitable  for  use  in  drenching 
cattle.  Place  in  this  bottle  one  pint  of  water  and  one  ounce 
of  sodium  carbonate.  (Ordinary  washing  soda  will  do.) 
Keep  tightly  corked. 

Bottle  No.  2 — This  should  contain  one-half  ounce  of  iron 


FIOX7BE  7.    SnffocAtioxi  is  One  of  the  Later  Symptoms  in  Animals 
Poisoned  by  Ohokecherry. 

sulphate  (copperas)  dissolved  in  a  pint  of  water.  Keep  tightly 
corked. 

Directions  for  use  of  the  antidote — When  needed  pour  the 
contents  of  Bottle  No.  2  into  Bottle  No.  1,  shake  and  admin- 
ister immediately.  A  cow  should  receive  the  entire  quart 
of  mixture.  For  a  sheep  one-half  pint  of  the  mixture  would 
be  suflScient.  This  antidote  would  be  valuable  also  for  Paris 
green  or  other  arsenical  poisoning.  In  case  it  seems  desir- 
able to  have  enough  antidote  on  hand  for  several  head  of 
cattle,  larger  amounts  of  the  solutions  may  be  stored  in 
demijohns  or  large  glass  carboys,  but  not  in  metal  containers. 
When  needed  empty  both  reagents  into  a  pail  and  administer 
to  each  animal  from  the  mixture. 

'*Precaution8  Against  Poisoning  by  Jobnson  Grass  and  Other  Sorghums.' 
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The  experiments  made  at  the  Nevada  Station  have  shown  that 
because  of  the  paralytic  action  of  the  poison  upon  the  respiratory 
tract  and  because  of  the  violent  convulsions  which  follow,  it  is  a  diffi- 
cult matter  to  administer  a  drench  without  getting  some  of  the  fluid 
into  the  trachea  or  the  windpipe  and  there  seems  to  be  little  reason 
for  expecting  to  cure  poisoned  animals  by  this  means. 

TABLE  No.  1— OHOKEOHEBBT  POISONINa  OF  CATTLE 
Tests  Showing  the  Effect  of  Feeding  the  Leaves  in  Varying  Quantities  and  at 

Different  Seasons 


Ani- 
mal 
No. 


Date 
fed 


Amount 

fed. 
ounces 


Live 
wgt..  In 
pounds 


Ounces    x>«^  „-„^ 


Severity  of  poisoning 


Final  resolt 


1507 
1502 
1502 
1416 
1502 
1502 
1881 


1502 
1502 
1502 
1502  I 
1502 
1883  ! 
1881  I 
1881  I 


1881 
1881 
1502 
1411 
1108 
1602 
1411 
1602 
1401 
1209 
14e3 
746 
1209 
1883 
364 
793 


736 
1689 
698 
763 
1612 
1000 
1900 
1432 
1492 
989 
484 
493 
1807 
484 
736 
1432 
786 
612 
612 


Apr.  24  ' 
Apr.  26  I 
Apr.  27  , 
Apr.  27  ; 
Apr.  28 
Apr.  29 
Apr.  30 
Apr.  30 
Apr.  30 
Apr.  30 


May 
May 
May 
May 
May 
May 
May 
Biay 
May 
May 


May 
May  2Z 
May  22 
May  23 
May  27 
May  27 
June  8  I 
June  27 
June  28 
July  1 
July  16 
July  18 
July  20 
July  20 
Auff.  4 
Auff.  4 
Auff.  10 
Auff.  16 
Auff.  22 
Auff.23 
Auff.26 
Auff.26 
Auff.26 
Aug.  27 
Auff.  28 
Sept.  6 
Sept.  10 
Oct,     2 


Oct. 
Oct, 
Oct, 
Oct.  29 
Oct.  29 
Oct.  30 
Oct,  30 
Oct.  31 


17 

12 

16 

21 

17 

20 

16 

14 

16 

24 

80 

32 

34 

37 

16 

17  I 

21  I 

17 


440 
746 
745 
536 
745 
745 
472 
402 
388 
746 
745 
746 
745 
746 
402 
472 
472 
404 


19 
30 

402 
628 

17 

472 

18 

472 

28 

746 

18 

390 

21 

428 

30 

746 

19 

390 

82 

746 

35 

725 

36 

750 

16 

850 

20 

612 

32 

652 

18 

408 

27 

633 

40 

801 

20 

488 

24 

488 

26 

607 

24 

460 

28 

440 

28 

501 

60 

481 

12 

377 

24 

377 

36 

985 

38 

985 

24 

488 

80 

687 

62 

479 

96 

506 

76 

691 

16 

516 

108 

997 

80 

616 

32 

640 

64 

640 

3.86 
1.61 
2.14 
3.92 
2.28 
2.68 
3.17 
3.48 
4.12 
3.22 
4.02 
4.29 
4.56 
4.96 
3.98 
3.60 
4.46 
4.20 
4.72 
4.77 
3.60 
3.81 
3.76 
4.61 
4.90 
4.02 
4.87 
4.29 
4.82 
4.80 
1.88 
3.26 
4.90 
4.41 
4.26 
4.99 
4.09 
4.91 
5.12 
6.S3 
6.86 
6.68 
10.39 
3.18 
6.36 
8.65 
3.86 
4.91 
13.60 
12.90 
18.90 
12.80 
3.10 
10.80 
16.50 
6.92 
11.80 


.241 
.100 
.134 
.246 
.142 
.167 
.196 
.218 
.267 
.201 
.262 
.268 
.285 
.310 
.248 
.226 
.278 
.263 
.295 
.298 


.234 
.288 
.306 
.251 
.304 
.268 
.301 
.300 
.117 
.204 
.306 
.276 
.266 
.812 
.256 
.307 
.820 
.833 
.397 
.349 
.649 
.198 
.397 
.228 
.241 
.307 
.861 
.808 
1.180 
.803 
.194 
.677 
.970 
.370 
.740 


Very  sick Death 

No  symptoms. 

SliBhtlysick ' Recovefy 

Very  sick Recovery 

Sliffhtlysick Recovery 

Slightly  sick Recovea 

Very  sick I Recovery 

Very  sick ..I Recovea 

Very  sick ' Death 

Sliffhtly  sick , Recovery 

Very  sick Recovery 

Sliffhtlysick Recovery 

Sliffhtly  sick Recovery 

No  symptoms.  I 

No  symptoms. 
No  symptoms. 

Sliirfatly  sick I Recovery 

Very  sick I Death 

Very  sick. ' Recovery 

Very  sick Death 

Sliffhtlysick Recovery 

Very  sick ' Recovery 

No  symptoms. 

Verysiek Recovery 

Very  sick Death 

SUffhtlysick Recovery 

Verysiek ■ Death 

Sliffhtlysick i Recovery 

Verysiek ! Death 

Very  sick Death 

No  symptoms. 

SUffhilysick Recovery 

Verysiek Death 

Verysiek Death 

Vc •  'k Recovery 

V*  k  Death 


SUsrhtly  sick.,. 

Sliprhtly  sick... 
I  Slightly  sick-,. 
I  Slightly  sick  „ 
]  Slightly  Bick... 
;  Slightly  sick... 
'  Very  sick 

No  symptoms. 
I  SKghtly  sick... 
I  SliirhUy  sick... 
:  SliKhtly  sick... 

Slightly  sick  .. 
'   Nu  ^>  j.aijU«iiX.». 

!  No  symptoms. 
;  No  symptoms. 

No  symptoms. 

No  symptoms. 

No  symptoms. 

No  symptoms. 

No  symptoms. 

No  symptoms. 


,  Recovery 
Recovery 
,  Recovery 
Recovery 
,  Recovery 
.  Recovery 
....Death 


Rfcomy 
.  Recovery 
.  Recovery 
.  Recovery 


Table  No.  1  gives  the  results  of  57  feeding  experiments  with  cattle 
and  brings  out  the  following  facts : 

(1)  The  chokecherry  leaves  are  most  poisonous  in  the  months  of 
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spring  and  summer.  From  the  end  of  April  to  the  end  of  August  they 
are  deadly.  After  August  they  become  less  poisonous  and  in  October 
they  are  practically  harmless. 

(2)  In  spring  and  early  summer  there  is  very  little  diflference 
between  the  quantity  of  leaves  that  will  make  cattle  sick  and  the 
quantity  that  will  kill. 

(3)  A  summary  of  the  feeding  tests  made  between  April  24  and 
August  4  shows  that  with  cattle,  for  each  100  pounds  of  live  weight  it 
took  from  3.57  to  3.99  ounces  of  the  leaves  to  cause  poisoning  and  4.60 
ounces  to  cause  death.  That  is,  cattle  are  in  danger  in  spring  and 
summer  when  they  eat  in  one  feeding  a  quantity  of  leaves  equivalent  to 
one-fourth  pound  for  each  100  pounds  of  their  live  weight. 

(4)  A  study  of  the  tests  made  between  August  4  and  September  10 
will  show  that  a  greater  quantity  of  leaves  must  be  eaten  at  this  time 
of  year  before  symptoms  of  poisoning  will  be  produced.  In  these 
experiments  5.11  ounces  for  each  hundred  pounds  of  live  weight  caused 
only  slight  poisoning,  although  a  little  earlier  in  the  year  4.60  ounces 
caused  death. 

(5)  The  rapid  loss  of  the  poisonous  property  of  the  leaves  in  autumn 
is  shown  by  the  fact  that  after  September  10,  average  feedings  of  11.7 
ounces  per  100  pounds  live  weight  caused  no  visible  symptoms  of 
poisoning. 

Evidently,  under  range  conditions,  at  any  time  in  the  grazing  season 
still  larger  quantities  will  usually  be  required ;  for  an  animal  on  the 
ran^  will  not  browse  the  chokecherry  leaves  as  rapdly  as  it  will  eat 
them  when  they  are  gathered  and  fed  all  at  one  time  in  an  experimental 
test. 

TABLE  No.  2— OHOKEOHEBBT  POISONINa  OF  CATTLE 
Tests  Showing  a  Bapid  BUmination  of  SmaU  Quantities  of  the  Poison 


Ani-I 
msl 
No.  1 


Date 
fed 


Hour 
fed 


AmouDt 
fed. 

;    OODCeS 


aooo 

3000  ' 

aooD 

9000  I 

8000  I 

sooo 

3000  , 

9000  I 

80U0 

6000 

6000 

5000 

6000 

6000 

5000 

5000 

6000 

6000 

6000 


Auff.  21 
Auff.  21 
Aug.  21 
Aug,  21 
Aaflr.21 
Aug.  21 
Auff.  21 
Auff.21 
Aug,  21 
Aoff.  IS 
Aug.  20 
Auff.  20 
Auff.20 
Aiur.20 
Aiur.20 
Auff.20 
Auff.20 
Aiiff.20 
Aoff.  20 


8:20  a. 

9:20  a. 
10:40  a. 
11:30  a. 
12:66  p. 

2:00  p. 

SKWp. 

4:20p. 

4:60p. 

9:00  a. 

8:00  a. 

9K)0a. 
lOHWa. 
11:00  a. 
12:06  p. 

IHWp. 

2:00  p. 

8.-00P. 

8:90  p. 


Live 
wfft.,  in 
pounds 


898 
898 
398 


898  t 

398  I 
712 

712    ; 

712 
712  I 
712  , 
712  I 
712  I 
712 
712  , 
712 


Ounces 
fed  per 
100  lbs., 
livewfft. 

Per  cent 

fed  of 
llvew^t. 

2.01 

.126 

2.01 

.126 

2.01 

.126 

2.01 

.126 

2.01 

.126 

2.01 

.126 

2.01 

.126 

2.01 

.126 

2.01 

.126 

8.23 

.201 

2.11 

.132 

2.11 

.132 

2.11 

.182 

2.11 

.132 

2.11 

.132 

2.11 

.132 

2.11 

.132 

2.11 

.132 

2.11 

.132 

Severity  of 
poisoning 


Final  result 


I 


No  symptoms. 
No  symptoms. 
No  symptoms. 
No  symptoms. 
No  symptoms. 
No  symptoms. 
No  symptoms. 
No  symptoms. 

Very  rick Recovery 

Sliffhtlysick Recovery 

No  symptoms. 
No  symptoms. 
No  ssrmptoms. 
No  symptoms. 
No  symptoms. 
No  symptoms. 
No  symptoms. 
No  symptoms. 
Very  sick I Recovery 


The  tests  summarized  in  Table  No.  2  show  that : 

(1)  The  poison  is  rapidly  eliminated  by  the  animal.  It  does  not 
accumulate ;  and  within  a  period  of  a  few  hours  cattle  may  eat  without 
injury  an  amount  equal  to  many  times  the  fatal  dose,  if  the  quantity 
eaten  at  any  one  time  is  fairly  small. 

This  is  well  illustrated  in  the  table ;  for  within  a  period  of  8^  hours 
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FIOUBE  8.    Bipe  Cliokecherries  in  October.    Tbe  leaves  are  taming  yellow 
and  the  plant  is  no  longer  dangerous. 
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21  

Animal  No.  3000  was  fed  in  half-pound  doses  at  hourly  intervals  a 
total  of  4i  pounds  of  the  leaves ;  and  within  7^  hours  Animal  No.  5000 
was  fed  almost  8^  pounds.  In  both  instances  the  total  quantity  eaten 
was  several  times  greater  than  the  fatal  dose,  which  should  be  a  little 
more  than  a  pound  for  the  lighter  experimental  animal  and  almost 
exactly  two  pounds  for  the  heavier  one. 

(2)  Fed  at  intervals  of  an  hour  apart,  half-pound  doses  had  no 
eflFect  upon  the  smaller  animal  nor  doses  of  nearly  a  pound  upon  the 
larger  one.  When  the  interval  was  shortened  to  one-half  hour  severe 
symptoms  followed. 

These  tests  are  very  instructive.  They  show  clearly  why  it  is  that 
on  the  range  the  chokecherry  bushes  are  grazed  without  causing  losses 
of  live  stock;  for  under  ordinary  conditions,  although  the  grazing 
animls  eat  from  time  to  time  some  of  the  leaves  usually  mixed  with 
other  forage,  they  do  not  eat  at  any  one  time  a  quantity  great  enough 
to  be  harmful. 

TABLE  No.  3— CHOKECHEBBT  POISONINa  OF  CATTLE 
Tests  Showing  that  Cattle  Do  Not  Become  Tolerant  of  the  Poison  Nor  Acquire 
Any  Tmmmilty  to  it  by  Eating  SmaU  Quantities  of  the  Leaves  at  a  Time 
for  Several  Days 


Ani- 
mal 
No. 


Date 
fed 


1588 
1588  , 
1588 
1588 
1688  i 
1588  I 
1688  ! 
1588  I 
1588 
1588 
1588  I 
1588  * 
1587  ! 
1697 
1687  1 
1687 
1587 
15B7  ' 
1587  , 
1587 
1587  I 
1587 
1687  ; 
1587 
1687 
1S87  , 
lfi87 
4000  I 
400O 
4000  I 
4000  I 
4O0O  t 
4000  , 
4000 
4000 


Aug.  8 
Aug.  9 
Aug.  10 
Auff.  11 
Aiur.  12 
Anff.  13 
Aus.  14 
Aaar.  16 
Anar.  16 
Ang.n 
Aoff.  18 
Aaff.  19 
Aug.  6 
Aug.  7 
Aug.  8 
Aoff.  9 
Aug.  10 
Aw.  11 
Aaar.  12 
Auff.  18 
Aug.U 
Aug.  16 
Auff.  16 
Aug.n 
Aug.  18 
Auff.  19 
Aiur.20 
Jnly  18 
July  19 
July  20 
Jaly  21 
July  24 
Aug.  4 
Aiur.  5 
Auff.   6 


Amount 

fed. 
ounces 


4 

4 

4 

8 

8 

8 

12 

12 

12 

12 

16 

20 

4 

4 

4 

4 

4 

8 

8 

8 

12 

12 

12 

12 

16 

20 

20 

12 

12 

12 

12 

12 

12 

16 

20 


Live 
wgrt..  In 
pounds 

Ounces 
fed  per 
100  lbs., 
llvewgrt. 

401 

.997 

401 

.997 

401 

.997 

401 

1.990 

401 

1.990 

401 

1.990 

401 

2.990 

401 

2.990 

401 

2.990 

401 

2.990 

401 

3.990 

401 

4.980 

406 

.987 

406 

.987 

405 

.987 

405 

.987 

406 

.987 

406 

1.970 

405 

1.970 

406 

1.970 

406 

2.960 

406 

2.960 

406 

2.960 

406 

2.960 

406 

8.960 

406 

4.930 

405 

4.980 

610 

2.360 

604 

2.380 

507 

2.360 

608 

2.860 

620 

2.300 

616 

2.330 

610 

3.130 

612 

3.900 

Per  cent 
fed  of    I 
live  vfgt.  I 


.062 


Severity  of  poisonlngr 


Final  result 


.062 
.124 
.124 
.124 
.187 
.187 
.187 
.187 
.249 
.311 
.061 


No  symptoms. 

No  symptoms. 

No  symptoms. 

No  symptoms. 

No  symptoms. 

No  symptoms. 

No  symptoms. 

No  symptoms. 

No  symptoms. 

No  symptoms. 

Sliffhtly  sick... 

Very  sick 

No  symptoms. 
.061  I  No  symptoms. 
.061  '  No  symptoms. 


.061 
.061 
.123 
.123 
.123 
.186 
.186 
.186 
.186 
.246 


No  symptoms. 

No  symptoms. 

No  symptoms. 

Sliarhtly  sick- 
No  symptoms. 

No  symptoms. 

No  symptoms. 

No  symptoms. 

No  symptoms. 

No  symptoms. 

Very  sick 

Very  sick 

Very  sick 

Slijrhtly  sick... 

No  symptoms. 

No  symptoms. 

Very  sick 

No  symptoms. 
196  I  No  symptoms. 
244  ;  Very  sick 


Recovery 
Recovery 


.147 
.148 
.147 
.147 
.144 
.146 


Recovery 


,  Recovery 

Death 

Recovery 
,  Recovery 


Recovery 


.Death 


The  feeding  tests  recorded  in  Table  3  show  clearly  that  daily  experi- 
mental feeding  of  small  quantities  of  the  leaves  fail  to  build  up  any 
tolerance  of  the  poison  on  the  part  of  the  animal. 

For  ten  successive  days  Animal  No.  1588,  weight  401  pounds,  was  fed 
chokecherry  leaves  in  doses  that  were  gradually  increased  in  quantity 
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from  one-fourth  pound  to  three-fourths  pound.  No  symptoms  of  poison- 
ing were  detected.  On  the  eleventh  day  a  pound  was  given  the  animal; 
and  some  symptoms  were  observed.  'On  the  twelfth  day  1^  pounds 
caused  such  severe  poisoning  that  it  was  evident  that  any  larger  dose 
would  be  fatal. 

That  is,  after  being  fed  small  quantities  of  the  leaves  for  several  days, 
the  animal  nearly  died  when  fed  approximately  the  same  number  of 
ounces  per  hundred  pounds  live  weight  that  had  killed  other  cattle  at 
about  this  time  of  year.  Apparently  this  animal  had  not  acquired  any 
immunity  to  the  poison  as  a  result  of  having  been  fed  7^  pounds  of 
the  leaves  during  the  period  of  twelve  days. 

TABLE  No.  4-<JH0KECHEBBY  POISONINa  OF  SHEEP 
Tests  Showing  the  Effect  of  Feeding  the  Leaves  in  Varying  i^oantitleB  sad  al 

Different  Seasons 


Severity  ol  poisoning 


Ffnal  refolt 


300 
360 
800 
800 
801 
400 
426 
460 
476 
600 
626 
660 
576 
10 
20 
30 
963 
969 
40 
1676 


1676 

60 

669 

367 

26 

26 


45 
978 
979 
979 
979 


Apr.  24 
Apr.  24 
Apr.  24 
May  6 
May 
May 
May 
May 
May  29 
May  30 
June  1 
June  12 
June  26 
June  26 
July  3 
July  8 
July  16 
July  16 
July  16 
July  16 
July  19 
July  19 
July  20 
July  21 
July  26 
July  29 
July  29 
Ausr.  6 
AuR.  6 
Auff.  16 
Aug.  19 
AufiT.  21 
Aug.  22 
Aug.  26 
Auff.  25 
Auff.  26 
Ausr.  27 
Aug.  28 
Sept.  3 
Sept.  9 
Sept.  21 
Sept.  21 
Sept.  21 
Sept.  21 
Sept.  26 
Sept.  26 
Sept.  29 
Oct.  3 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Nov. 
Nov. 
Nov. 
Nov. 


Very  sick Death 

SHsrhtly  sick Recoveo' 

Very  sick ! Recoven' 

Recovery 
,...De*th 
Recovery 
,.„  Death 
Recovery 
Recovery 
Recovery 


Very  sick 
Very  sick 
Slitchtly  sick 
Very  sick.  —  . 
Slightly  aick 
Slightly  sick 

Very  sick _  

Very  sick... Death 

Slijrhtly  sick Recovery 

Sliprhtly  sick I RecoTer/ 

Very  sick.. '.. Death 

SlJKhtly  sick L_. Recovery 

Slitfhtly  sick | Bfecovery 

Slitrhtly  sick 
Very  sick 


.Death 


Death 


.Death 


.Death 
.Death 
.Death 


Very  sick 

.No  aymptoma. 

Vary  aick. 

No  aymptoma. 
No  aymptoma. 

Very  aick 

No  aymptoma. 
No  aymptoma. 

Very  aick 

Very  aick 

Very  aick 

Slijrhtlyaick 

Very  aick , Death 

No  aymptoma. 

Sliffhtly  aick Reeovery 

SliarhUyaick ■ Becovary 

Very  aick , Death 

Very  aick Death 

Slifirhtly  Bick I Raeovcry 

Very  aick , Death 

Sliffhtly  aick Recovery 

No  aymptoma. 

No  aymptoma.  | 

No  ajrmptoma. 

No  aymptoma. 

Sliarhtly  aick 

No  aymptoma. 

Slightly  aick 

No  asrmptoma. 
No  aymptoma. 
No  aymptoma. 
No  aymptoma. 
No  aymptoma. 
No  aymptoma. 
No  aymptoma. 
No  aymptoma. 
No  aymptoma. 
No  aymptoma. 
No  aymptoma. 
No  asnoaptoma. 


Reeovety 
Recovery 
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The  test  was  repeated  with  a  second  animal  of  about  the  same  weight. 
The  dose  was  increased  as  before  from  one-fourth  to  three-fourths 
pound  through  a  period  of  twelve  days.  On  the  thirteenth  day  it 
was  increased  to  one  pound  without  causing  symptoms  of  poisoning. 
On  the  fourteenth  day,  however,  a  feeding  of  l|  pounds  caused  severe 
poisoning,  the  animal  being  barely  able  to  stand  on  its  feet.  On  the 
fifteenth  day  the  same  quantity  caused  death. 

Still  another  test,  with  a  somewhat  heavier  animal,  showed  that  a 
feeding  which  is  dangerously  large  may  cause  severe  illness  one  day 
without  causing  any  symptoms  at  all  on  another  day.  On  July  18, 
Animal  No.  4000  was  severely  poisoned  by  a  feeding  of  three-fourths 
pound  of  the  leaves.  The  same  dose  on  the  following  day  caused  only 
mild  symptoms.  On  July  20  and  21  no  detectable  symptoms  were  caused 
by  feeding  the  same  quantity  of  leaves.  On  July  24  the  animal  was 
again  fed  the  same  quantity  and  was  poisoned  so  violently  that  it  barely 
escaped  death.  On  August  4  the  same  dose,  three-fourths  pound  of 
leaves,  caused  no  visible  signs  of  poisoning ;  and  on  the  following  day  a 
full  pound  was  fed  without  result.  The  next  day,  when  a  test  was  made 
with  IJ  pounds,  a  quantity  still  a  little  below  the  usual  fatal  dose  for 
an  animal  of  500  pounds,  violent  poisoning  and  death  followed. 

Evidently  cattle  that  are  feeding  to  the  open  range  do  not  develop 
any  tolerance  or  power  to  endure  the  poison  of  the  chokecherry  by 
eating  small  quantities  of  the  leaves  from  time  to  time  for  a  considerable 
period.  They  are  almost  certain  to  die  whenever  they  eat  enough  of 
the  leaves  at  once  to  carry  a  fatal  dose  of  the  poison. 

A  brief  analysis  of  the  tests  suminarized  in  Table  No.  4  will  show 
that : 

(1)  After  a  sheep  has  become  severely  poisoned  by  chokecherry  there 
is  little  prospect  of  its  recovery ;  for  out  of  19  such  cases  15  died. 

(2)  The  leaves  may  cause  fatal  poisoning  from  about  the  first  of 
May  to  the  first  of  September.  Under  range  conditions  this  is  only 
an  approximation ;  because  the  length  of  the  period  when  the  plant  is 
dangerous  changes  with  altitude,  latitude  and  seasonal  climatic 
conditions. 

(3)  When  an  average  is  taken  of  all  the  feeding  tests  with  sheep 
made  between  April  24  and  August  28f  we  find  that  for  each  100 
pounds  of  the  animal's  live  weight,  it  took  3.23  ounces  of  the  leaves  to 
cause  slight  symptoms  of  poisoning,  3.50  ounces  to  cause  severe  symp- 
toms followed  by  recovery,  and  4.30  ounces  to  cause  death. 

(4)  On  August  25  a  comparison  was  made  of  mature  leaves  that  had 
been  formed  in  the  spring  with  new  leaves  on  shoots  still  growing 
rapidly.  Three  ounces  of  the  old  leaves  fed  to  sheep  No.  1676  failed  to 
cause  symptoms;  but  three  ounces  of  the  new  ones  from  the  growing 
shoots  caused  death.  These  effects  correspond  closely  to  the  percent- 
ages of  hydrocyanic  acid  in  new  leaves  and  old  shown  by  chemical 
analysis. 

(5)  In  the  tests  made  later  than  August  28  it  was  evident  that  the 
leaves  had  lost  most  of  their  poisonous  properties ;  for  only  two  sheep 
showed  symptoms  of  poisoning  and  the  effect  in  each  case  was  slight. 
The  other  feedings  made  in  the  autumn  caused  no  symptoms  even 
though  the  animal  ate  leaves  at  the  rate  of  nearly  a  pound,  15.19  ounces, 
per  hundred  pounds  of  live  weight. 
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SECTION  II  (Technical) 


The  material  presented  in  this  section  is  not  intended  especially  for 
use  by  stockmen;  it  is,  however,  of  considerable  interest  to  chemists 
and  veterinarians  and  has  been  included  in  this  bulletin  for  the  sake 
of  keeping  together  in  one  publication  all  information  growing  out  of 
the  work  of  the  Station  upon  this  subject.  It  consists  of  two  parts  as 
follows : 

(1)  The  Active  Poisonous  Principle  of  the  Chokecherry  (Prwnw5 
demissa).  By  M.  R.  Miller,  Chemist  of  the  Nevada  Agricultural 
Experiment  Station. 

(2)  Post-Mortem  Conditions  in  Cases  op  Chokecherry  Poisoning. 
By  Dr.  Lyman  R.  Vawter,  Assistant  Veterinarian,  Nevada  Agricul- 
tural Experiment  Station. 
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1.    THE  ACTIVE  PBINCIPI.E  OF  PBUNU8  DEMI88A 

The  leaves  of  Prunus  demissa  yield  hydrocyanic  acid.  In  order 
that  the  manner  in  which  hydrocyanic  acid  becomes  capable  of  being 
freed  from  the  leaves  and  producing  toxic  reactions  when  eaten  by 
animals,  a  short  discussion  of  its  manner  of  occurrence  will  be  given. 
The  mechanism  of  hydrocyanic  acid  evolution  from  the  leaves  is  simi- 
lar to  tiiat  of  the  bitter  almond,  and  well  it  may  be,  on  account  of  the 
botanical  relations  of  the  two  plants.  Hydrocyanic  acid,  or  prussic 
acid,  HCN,  is  a  widespread  constituent  of  many  species  of  plants, 
occurring  in  various  parts  of  the  plant,  the  leaves,  bark  and  fruits. 
Almost  invariably  it  has  been  found  to  occur,  not  in  the  free  state  but 
in  combination  with  sugars  and  other  organic  compounds.  Such  natur- 
ally occurring  hydrocyanic  acid  combinations  with  sugar,  and  other 
compounds  are  called  glucosides  and  from  these  the  sugar,  hydrocyanic 
acid  and  other  substance  may  be  separated  or  split  oflf  through  the 
action  of  suitable  reagents. 

The  historically  important  glucoside  of  this  type  is  amygdalin,  occur- 
ring in  the  bitter  almond.  It  was  first  purified  in  1830.  When  the 
presence  of  hydrocyanic  acid  began  to  be  noted  in  other  plants  there 
was  a  long  period  during  which  it  was  concluded  that  amygdalin  was 
present.  However,  it  has  been  shown  that  amygdalin  is  but  one  of  a 
series  of  glucosides,  called  cyanogenetic  glucosides.  Many  of  them 
have  been  purified  and  studied.  Certain  of  them  are  isomerides  of 
amygdalin,  while  others  are  of  diflferent  composition  entirely. 

The  hydrocyanic  acid  may  be  liberated  in  two  ways  from  the  cyano- 
genetic glucosides.  Acids  can  cause  hydrolysis  in  which  the  compo- 
nents are  split  oflf.  However,  the  cyanogenetic  glucosides  are  more 
commonly  broken  up  and  the  hydrocyanic  acid  set  free  through  the 
action  of  certain  nitrogenous  substances  called  enzymes  which  occur  in 
the  tissue  of  the  same  plant.  The  enzyme  accompanying  amygdalin 
in  the  bitter  almond  is  called  emulsin  (tJiis  enzyme  really  contains  two 
enzymes,  amygdalase  and  prunase,  which  act  in  turn  on  amygdalin) 
and  its  action  on  the  glucoside  is  occasioned  by  simply  crushing  the 
ahnond  with  water,  whereby  the  hydrocyanic  acid  is  liberated.  In 
addition  to  the  hydrocyanic  acid  there  is  also  set  free  sugar  and  ben- 
zaldehyde.    The  latter  has  the  characteristic  odor  of  the  bitter  almond. 

The  glucoside  in  the  leaves  of  Prunus  demissa  is  similar  to  amygdalin 
in  that  it  is  broken  up  by  its  accompanying  enzyme  and  furnishes 
hydrocyanic  acid,  sugar  and  benzaldehyde.  In  order  that  the  hydro- 
cyanic acid  be  made  available  in  the  leaves  it  is  only  necessary  that  the 
tissues  be  broken  so  that  the  enzyme  may  act  upon  the  glucoside  and 
that  moisture  be  present  to  enable  the  reaction  to  proceed.  When 
green  leaves  are  crushed  there  is  enough  natural  moisture  in  the  juices 
for  the  purpose.  If  the  dried  leaves  are  finely  crushed  there  will  be 
little  or  no  evolution  of  hydrocyanic  acid  until  moisture  is  supplied, 
as  by  wetting  with  water. 

The  glucoside  may  be  prepared  in  the  pure  crystalline  condition  and 
has  been  prepared  in  the  form  of  a  thick  sirup  by  the  writer.  It  does 
not  crystallize  except  with  the  greatest  diflSculty  and  the  writer  has 
never  been  fortunate  in  having  it  do  so. 
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The  amounts  of  hydrocyanic  acid  found  in  the  leaves  at  various 
stages  of  growth  are  reported  in  the  following  table.  The  determina- 
tions were  made  by  the  method  to  be  described.  These  results  are 
probably  lower  than  the  true  content  of  hydrocyanic  acid  but  they  are 
consistent  and  will  serve  at  least  for  a  comparison  of  quantities  avail- 
able in  the  leaves  from  different  sources.  The  results  also  check  fairly 
well  with  those  obtained  in  the  feeding  experiments  described  and  serve 
in  most  cases  to  explain  the  quantities  used  to  produce  poisoning : 

Hydrocyanic  Acid  in  Leaves  of  Prunus  Demissa 


Collected 


June  26. 1924... 
June  25. 1924... 

AufiTust  9. 1924 
August  15.  1924 
Auiruat  22. 1024 
AuRust  25, 1924 
October  7,  1924, 
April  24. 1925  . 
May  1,1925..... 

May  1,1925 

May  16,  1925.... 
May  16. 1925.--. 
May  18.  1925--.. 
May  18.1925-,,. 
May  19,  1925-., 


Source 


^J^J!S:     Mote- 


Fmit-bearins  wood 

Fmit-beturinff  wood 

Frait-bearinar  wood 

Fruit-bearinsr  wood 

New  shoots  or  suckers 

Fruit-beurinff  wood 

Frosted  and  colored 

New  shoots  or  suckers 

New  shoots  or  suckers. 

Fruit-bearinff  wood 

New  wood,  no  flowers 

New  wood,  no  flowers.. 

Fruit-bearinflT  wood 

Fruit-bearinff  wood,  leaves  only. 
Fruit-bearinff  wood 


The  analyses  are  on  material  as  stripped  from  the  trees  and  include 
the  twigs  as  they  break  from  the  branches.  In  the  case  of  one  of  the 
samples,  that  of  May  18, 1925,  the  leaves  were  carefully  separated  from 
the  twigs  and  the  determination  was  made  on  the  leaves  only.  Two 
of  the  samples  (June  25  and  May  16),  after  determinations  were  made 
on  the  fresh  material,  were  allowed  to  wilt  in  the  laboratory.  Moisture 
determinations  were  made  on  the  fresh  and  wilted  leaves  as  well  as  the 
hydrocyanic  acid  estimation.  The  results  show  the  loss  in  moisture  and 
in  one  case  less  and  in  the  other  a  slightly  higher  percentage  of  hydro- 
cyanic acid.  If  one  corrects  for  the  loss  of  moisture  it  will  be  found 
that  hydrocyanic  acid  has  been  lost  along  with  the  moisture.  This  loss 
does  not  finally  include  all  the  hydrocyanic  acid  available  as  drying 
proceeds  as  may  be  shown  in  the  case  of  completely  air-dried  leaves. 
Even  when  air-dried  and  reduced  to  a  powder  the  leaves  retain  their 
capability  of  evolution  of  the  poison  for  a  long  time  after  being 
moistened.  Leaves  have  been  found  to  yield  0.138%  of  hydrocyanic 
acid  after  having  been  air-dried  and  ground  for  over  five  years.  This 
air-dried  material  contained  about  7%  of  moisture.  These  results  show 
that  contrary  to  a  popular  supposition  the  leaves  do  not  become  more 
toxic  on  account  of  increase  in  hydrocyanic  acid  when  they  are  allowed 
to  wilt. 

The  leaves  from  the  new  shoots  are  shown  to  yield  more  of  the  poison 
than  those  from  the  old  wood.  There  is  a  decline  in  the  quantity  as  the 
season  progresses  until  frost  time.  Both  these  conditions  have  been 
checked  by  observations  on  the  quantity  necessary  to  produce  poisoning 
when  fed. 

It  is  also  interesting  to  note  in  this  connection  that  this  had  also  been 
observed  in  other  cyanogenetic  plants.  Ravena  (Czapek  III,  217),  has 
shown  that  in  sorghum,  which  contains  a  cyanogenetic  glucoside  in  the 
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leaves,  there  was  an  increase  in  the  hydrocyanic  acid  found  in  the 
leaves  even  from  morning  to  afternoon.  The  hydrocyanic  acid  con- 
tent is  connected  with  the  physiological  activity  of  the  plant,  and,  of 
the  above  samples,  those  collected  May  18  and  May  19  on  bright  and 
rainy  daj^,  respectively,  show  a  difference  in  the  hydrocyanic  acid 
content. 

Method  Used  for  the  Estimatioii  of  Hydrocyanic  Acid 

The  method  used  for  the  above  estimations  is  a  follows :  A  50  gram 
sample  of  the  leaves  ground  in  Ihe  food  chopper  was  moistened  with 
enough  water  to  cover  and  allowed  to  macerate  from  20  to  30  minutes 
in  the  distillation  flask  connected  to  condenser  and  receiver.  The 
receiver  contained  10-15  c.c.  of  5%  sodium  hydroxide  into  which  the 
deliver^'  tube  dipped.  After  the  maceration  period  the  liberated  hydro- 
cyanic acid  was  swept  out  by  a  current  of  steam. 

The  distillate  was  collected  until  it  amounted  to  about  500  c.c.  when 
the  distillation  was  stopped.  The  distillate  was  then  made  to  a  definite 
volume  and  an  aliquot  titrated  with  N/50  silver  nitrate  solution,  using 
10-15  drops  of  10%  potassium  iodide  as  an  indicator.  The  method, 
while  it  gives  consistent  results,  does  not  give  the  absolute  amount  of 
hydrocyanic  acid  present  in  the  leaves,  A  short  discussion  of  the 
various  steps  in  the  determination  is  given  below  and  the  sources  of 
error  noted : 

Grinding,  More  finely  ground  leaves  should  give  a  slightly  higher 
hydrocyanic  acid  content.  The  more  the  cells  are  crushed  and  rup- 
tured, the  greater  the  likelihood  of  all  of  the  glucoside  being  broken  up 
by  the  enzyme. 

Maceration.  A  maceration  period  of  20-30  minutes  is  sufficient  to 
give  consistent  results.  A  shorter  period  is  apt  to  result  in  a  lower 
yield  while  there  is  but  little  to  be  gained  in  a  longer  maceration.  In 
fact,  with  longer  periods  of  maceration  than  are  necessary  to  liberate 
all  the  hydrocyanic  acid,  it  is  possible  that  the  results  may  be  lower  on 
account  of  combination  of  the  liberated  hydrocyanic  acid  with  sugars, 
aldehydes,  etc.  Even  during  the  period  used  in  this  work  there  must 
have  been  a  certain  loss  of  hydrocyanic  acid  through  combination  with 
the  liberated  benzaldehyde. 

Distillation,  Steam  distillation  will  remove  all  the  liberated  hydro- 
cyanic acid.  In  addition  it  removes  the  benzaldehyde.  These  have 
opportunity  to  combine  in  the  distillate.  That  they  must  combine  to 
a  certain  extent  is  demonstrated  by  the  following  experiment :  Mix- 
tures of  definite  concentrations  of  hydrocyanic  acid  with  a  saturated 
solution  of  benzaldehyde  and  titrated  with  silver  nitrate  solution  gave 
lower  results  with  increasing  amounts  of  benzaldehyde  present.  This 
will  result  in  a  lower  figure  for  the  per  cent  of  hydrocyanic  acid  found 
than  would  result  if  the  benzaldehyde  were  not  present. 

Titration,  Experiments  made  in  titrating  definite  quantities  of 
alkali  cyanide  in  alkaline  solutions  with  various  amounts  of  sodium 
hydroxide  in  excess  showed  that  the  quantity  of  hydroxide  has  but  little 
influence. 

The  use  of  a  solution  of  potassium  iodide  gives  a  more  definite  and 
accurate  end-point  than  when  dependence  is  placed  only  on  the  forma- 
tion of  the  insoluble  silver  cyanide.    With  such  dilute  solutions  as  are 
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sometimes  titrated  the  end  of  the  reaction  may  be  passed  by  several 
cubic  eentimeters  of  silver  solution  before  a  perceptible  turbidity 
results. 

2.    POST-MORTEM  aYMPTOMS  OF  PBUNU8  DEMISSA 

Rigor  mortis  was  quickly  established.  A  pronounced  cyanosis  of 
the  mucous  membranes  of  the  mouth  and  eye  was  observed.  Sub- 
cutaneous venous  engorgement  was  well  marked.  Cattle  dead  as  result 
of  feeding  upon  Prunus  demissa  exhibited  a  pronounced  anemia  of 
certain  groups  of  skeletal  muscles.  This  change  was  not  constantly 
confined  to  any  muscle  group.  It  was  found  in  the  muscles  of  the  neck, 
shoulder,  loins  and  thigh.  Only  one  group  of  muscles  was  found  to  be 
affected  in  any  one  animal.  This  post-mortem  change  has  not  been 
observed  in  experimental  or  field  work  with  other  poisonous  plants. 

The  intestines  were  always  found  to  be  of  a  very  light  pale  color, 
indicating  a  practically  bloodless  condition  of  this  part  of  the  abdo- 
minal viscera;  the  mucous  membrane  did  not  manifest  any  patholo- 
gical change. 

The  mucous  membrane  of  the  abomasum  mainfested  the  character- 
istic chestnut  brown  color  of  cyanide  poisoning.  In  addition  the  odor 
of  prussic  acid  was  readily  recognized.  No  change  was  noted  in  the 
other  three  compartments  of  the  stomach,  but  the  odor  of  prussic  acid 
was  easily  detected  particularly  in  the  contents  of  the  reticulum. 

Manual  agitation  of  the  contents  often  aids  in  quick  detection  of 
this  odor.  Examination  for  prussic  acid  odor  must  be  made  inune- 
ditely  following  exposure  of  the  stomach  contents  to  the  open  air. 

The  lungs  uniformly  manifested  a  very  dark  color  due  to  passive 
congestion;  they  were  greatly  increased  in  weight  and  dightly 
oedematous. 

The  heart  manifested  a  few  scattered  subepicardial  petechiae  which 
did  not  diflfer  in  any  respect  from  those  observed  in  autopsies  on  ani- 
mals dead  as  result  of  poisoning  by  other  poisonous  plants  or  certain 
infectious  diseases. 

The  mucous  membrane  of  the  trachea  was  greatly  congested  particu- 
larly in  the  lower  two-thirds.  This  congestion  was  continuous  into 
the  bronchi  and  bronchioles. 

No  characteristic  change  was  observed  in  the  body  lymphatic  glands. 
The  mediastinal  and  bronchial  lymph  glands  were  uniformly  congested 
and  a  few  cortical  hemorrhages  were  occasionally  observed. 

Summary 

When  it  is  knovm  that  shortly  before  death  the  animals  have  con- 
sumed the  green  leaves  of  the  chokecherry,  the  post-mortem  findings 
outlined  above  are  in  our  opinion  sufScient  evidence  for  a  diagnosis  of 
chokecherry  poisoning. 

This  form  of  fatal  poisoning  is  ushered  in  by  a  brief  period  of  stimu- 
lation which  is  followed  in  a  few  minutes  by  incoordination  of  gait, 
prostration  and  respiratory  disturbances.  Death  is  due  to  the  depres- 
sant effect  of  the  prussic  acid  upon  the  respiratory  and  cardiac  centers 
of  the  brain. 
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FOREWORD 


This  bulletin  is  a  supplement  to  Bulletin  No.  109  of  the  Nevada 
Station,  "The  Common  Chokecherry  (Prwnus  denussa),  as  a  Plant 
Poisonous  to  Sheep  and  Cattle."  Bulletin  109  presented  informatioii 
gained  by  feeding  the  plant  to  animals  under  experiment  at  the  Sta- 
tion. The  present  bulletin  is  based  upon  field  observations  of  choke- 
cherry  poisoning  of  sheep  in  the  mountain  country. 

It  throws  light  upon  the  peculiar  cases  of  slow  poisoning  of  sheep  by 
chokecherry  that  occur  on  grazing  ranges  remote  from  water.  In  these 
cases  the  leaves  are  held  in  the  first  stomach  with  other  partly-dry  feed 
until  the  animal  drinks.  The  poison  is  then  liberated  and  tiie  animal 
may  die  promptly;  although  in  many  instances  the  x>oison  is  even  then 
liberated  so  gradually  that  the  sheep  may  show  symptoms  of  poisoning 
for  many  hours  or  perhaps  for  an  entire  day  before  death  or  recovery. 

The  Station  gratefully  acknowledges  the  assistance  given  by  Doctor 
Robert  Dill  of  the  Nevada  Sheep  Conmiission  in  the  study  of  the  slow 
form  of  chokecherry  poisoning  on  Nevada  sheep  ranges. 
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SUMMARY 


(1)  Mysterious  losses  of  sheep  on  certaiii  grazing  ranges  in  eastern 
Nevada  were  investigated  in  the  summer  of  1927  by  C.  E.  Fleming  of 
the  Nevada  Agricultural  Experiment  Station  and  Doctor  Robert  Dill 
of  the  Nevada  Sheep  Commission. 

(2)  Herders  in  charge  of  the  animals  believed  that  the  sheep  had 
been  poisoned  by  drinking  from  mountain  streams ;  for  the  symptoms 
of  poisoning  followed  promptly  after  drinking. 

(3)  Studies  of  the  poisoned  animals  and  post-mortem  examinations 
showed  that  death  was  due  to  a  form  of  chokecherry  poisoning  that  had 
not  previously  been  observed. 

(4)  Several  hours  before  drinking  the  poisoned  animals  had  eaten 
fatd  quantities  of  chokecherry  along  with  other  half -dry  leaves  and 
browse,  but  there  was  not  moisture  enough  in  the  stomach  to  set  the 
poison  free  from  the  leaves. 

(5)  As  soon  as  the  animals  drank,  the  added  moisture  caused  the 
liberation  of  the  poison  and  the  immediate  poisoning  of  the  sheep. 

(6)  In  some  such  cases  the  sheep  died  promptly,  in  other  instances, 
even  after  the  animals  drank  water  the  poison  was  liberated  rather 
slowly,  and  symptoms  of  poisoning  were  present  for  hours,  even  for  a 
day  or  more. 

(7)  Like  many  other  forms  of  plant  poisoning  of  both  sheep  and 
cattle  this  form  of  chokecherry  poisoning  is  primarily  due  to  the  dried 
and  overgrazed  condition  of  the  range. 

This  fact  again  emphasizes  the  need  of  an  intelligent  system  of 
administration  of  sheep  and  cattle  ranges  on  the  public  domain  that 
will  result  in  their  being  grazed  only  at  the  right  season  and  in  the  right 
manner  and  by  a  number  of  animals  small  enough  to  prevent  over- 
grazing. 

(8)  There  is  no  known  remedy  for  chokecherry  poisoning.  Careful 
herding  of  sheep  on  grazing  ranges  where  chokecherry  grows  will 
diminish  the  danger  of  poisoning.  Sheep  should  not  be  allowed  to 
"shade  up"  in  chokecherry  thickets  in  the  heat  of  the  day,  nor  should 
they  be  driven  hard  and  hazed  along  by  dogs  and  herders  on  ranges 
where  chokecherry  is  abundant.  Sheep  are  normally  inclined  to  pick 
their  own  food  and  to  let  the  chokecherry  alone  or  else  to  eat  only  a 
little  of  it. 

They  do  not  like  it ;  but,  if  they  are  driven  hard  they  are  obliged  to 
eat  everything  that  comes  along  without  a  chance  to  choose. 

(9)  In  late  summer  the  chokecherry  leaves  lose  their  poisonous  prop- 
erties. In  the  autumn  they  may  be  eaten  in  quantity  without  harm  to 
the  sheep  and  are,  in  fact,  considered  valuable  forage  at  that  time  of 
year. 
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Blpe  Chokecherries  in  October.    The  leaves  are  turning  yellow 
and  the  plant  is  no  longer  dangerous. 


Digitized  by 


Google 


CHOKECHERRY  POISONING  OF  SHEEP 


In  the  course  of  the  last  few  years  the  common  western  chokecherry 
has  come  to-  be  recognized  as  one  of  the  plants  frequently  responsible 
for  the  death  of  range  sheep,  more  particularly  mature  ewes  and  year- 
lings rather  than  lambs. 
The  Importance  of  the  Chokecherry  as  a  Bange  Plant  Poisonous  to  Sheep. 

The  increasing  importance  of  the  chokecherry  as  a  plant  poisonous 
to  both  sheep  and  cattle  is  probably  due  mainly  to  the  recent  years  of 
drought  which  limited  or  restricted  to  a  very  marked  degree  the 
normal-  yearly  production  of  nutritious  grasses,  weeds,  and  browse. 
This  shortage  of  feed  caused  ranges  in  certain  grazing  areas  to  become 
severely  overgrazed.  The  badly  overgrazed  ranges  consequently  have 
not  produced  and  at  the  present  time  are  not  producing  sufficient 
forage  to  satisfy  the  sheep  completely  with  plants  that  they  prefer  and 
upon  which  they  have  in  the  past  contented  themselves.  This  scanty 
production  of  valuable  forage  plants  is  now  forcing  the  sheep  to  eat 
plants  which  in  earlier  years,  when  range  conditions  were  more  favor- 
able, were  not  eaten  to  any  great  extent  because  they  did  not  appeal  to 
the  appetite  of  the  sheep. 

The  chokecherry  is  one  of  the  plants  that  are  not  grazed  by  sheep  to 
any  great  extent  during  the  spring  and  summer  months  when  there  is 
sufficient  other  forage  more  agreeable  to  the  taste.  However,  in  seasons 
when  the  supply  of  more  palatable  forage  is  short  or  scanty  and  in 
some  months  is  almost  completely  exhausted,  sheep  will  graze  the  choke- 
cherry in  amounts  sufficient  to  cause  either  slow  or  rapid  poisoning. 
Both  types  of  poisoning  usually  result  in  death. 
Description  of  the  Chokecherry. 

The  chokecherry  belongs  to  the  plum  family.  But  it  differs  from 
other  members  of  this  family  in  the  fact  that  the  leaves  appear  before 
the  flowers,  and  that  it  does  not  come  into  full  bloom  until  it  is  almost 
in  full  leaf. 

The  chokecherry  ranges  in  height  from  a  low-growing  bush  to  a  small 
tree.  Sometimes  it  forms  low  thickets  around  damp  places  on  dry 
hillsides,  often  it  grows  to  greater  height  in  the  neighborhood  of  iso- 
lated mountain  springs.  Again,  along  mountain  streams  it  may  reach 
a  height  of  25  feet  or  more  and  take  on  a  tree-like  form  where  it  finds 
congenial  conditions  of  soil  and  moisture. 

The  leaves  usually  begin  to  appear  in  April  and  the  bush  is  in  full 
leaf  late  in  May.  The  leaves  are  then  oblong,  dark  green  and  glossy, 
rounded  at  the  base  and  tapering  at  the  tip.  The  full-grown  leaf  is 
about  twice  as  long  as  it  is  broad ;  the  margins  are  slightly  toothed. 
Somewhere  between  the  middle  of  May  and  the  first  few  weeks  in  June 
the  chokecherry  bushes  are  covered  with  a  mass  of  white  flowers  grow- 
ing in  long  drooping  clusters.  At  this  season  the  shrub  is  very  orna- 
mental and  it  has  in  fact  been  brought  under  cultivation  because  of  the 
beauty  of  the  flowers  and  the  foliage. 

The  flower  clusters  are  replaced  by  pendant  clusters  of  fruits,  each 
containing  a  pit  like  a  small  cherry  stone.  Late  in  the  summer  the 
color  of  the  fruit  changes  from  dark  green  to  a  ruddy  purple,  which 
becomes  almost  black  at  the  time  of  the  first  frost.    When  nearly  ripe 
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Leaves,  Fruit,  and  Flowers  of  the  Western  diokecherry. 


the  red  chokeeherries  are  bitter  and  astringent ;  but  later  in  the  season, 
when  they  have  turned  deep  purple  and  are  almost  ready  to  drop  from 
the  stem,  the  taste  becomes  more  agreeable.  They  are  then  often 
gathered  in  considerable  quantities  and  eaten  or  made  into  preserves. 
The  Relation  of  the  Local  Distribution  of  the  Ohokecherry  to  Poisoning. 

On  the  range  the  chokecherry  is  most  commonly  found  growing  along 
the  beds  of  streams  or  around  springs  or  in  quite  isolated  thickets  or 
groves  on  the  sides  of  canyons  and  hillsides. 
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Such  a  distribution,  especially  on  a  closely  grazed  or  overgrazed 
range,  tends  to  create  a  condition  that  favors  poisoning  by  chc^eclierry 
leaves  for  the  reason  that  the  isolated  clumps  of  chokecherry  on  moun- 
tain or  hillside  or  along  streams  or  around  springs  are  cool,  shady 
places  such  as  sheep  always  seek  during  the  warm  part  of  the  day. 

When  hungry  sheep  or  sheep  not  completely  satisfied  "shade  up" 
among  chokecherry  bushes,  it  is  probable  that  some  of  them  will  browse 
upon  the  leaves  for  more  or  less  prolonged  periods  and  that  they  will 
eat  a  considerable  quantity. 

Even  under  such  conditions  as  these  most  of  the  sheep  will  not  graze 
the  chokecherry  to  the  point  where  poisoning  follows.  However,  there 
will  usually  be  a  few  sheep  that  eat  enough  of  the  leaves  to  cause  them 
to  show  symptoms  of  poisoning.  Some  of  them  will  be  only  slightly 
poisoned  and  will  recover  promptly.  Others,  more  severely  poisoned, 
will  die  in  a  few  hours ;  tnough  death  may  be  deferred  for  a  day  or 
more.  This  depends  upon  the  moisture  content  of  the  stomach  as  well 
as  upon  the  quantity  of  leaves  eaten. 

The  Time  of  tbe  Year  when  the  Ohokecherry  is  Poisonous. 

Chemical  analyses  to  determine  the  quantity  of  hydrocyanic  acid 
found  in  the  leaves  at  different  periods  show  that  from  the  time  when 
the  leaves  are  produced  in  the  spring  until  the  latter  part  of  August 
or  early  September  the  chokecherry  leaves  are  highly  poisonous. 

After  late  summer  the  amount  of  poison  falls  off  rapidly,  and  the 
danger  decreases  to  a  point  where  the  chokecherry  leaves  may  even  be 
considered  good  fall  browse. 

This  latter  statement  has  been  verified  by  experimental  feedings  in 
late  summer  in  which  sheep  were  fed  large  amounts  of  the  chokecherry 
leaves  without  causing  any  recognizable  symptoms  of  poisoning.  It 
has  been  further  verified  by  range  observations  where  flocks  of  ewes 
after  the  lambs  had  been  weaned  or  removed  grazed  liberally  and  con- 
tinuously in  early  autumn  on  the  chokecherry  as  one  of  their  main 
sources  of  forage. 

The  Relation  of  Forage  Supply  to  Poisoning. 

The  leaves  of  the  chokecherry  are  really  not  relished  by  sheep  until 
early  fall,  at  which  time  the  leaves  not  only  lose  a  large  part  of  their 
poisonous  principle  but  also  become  more  pleasing  to  the  sheep's  taste. 

Therefore,  on  a  range  supporting  a  fair  amount  of  forage  which 
sheep  prefer  there  is  little  danger  from  chokecherry  poisoning  pro- 
vided the  sheep  are  not  being  hurriedly  trailed  over  such  a  range.  If 
they  are  trailed  rapidly  and  hazed  along  by  dogs  and  herders,  then 
they  have  no  chance  to  select  the  plants  that  they  prefer  and  may  eat 
dangerous  quantities  of  chokecherry  or  other  poisonous  plants. 

In  handling  sheep  on  a  range  where  the  chokecherry  grows  the 
danger  from  poisoning  is  always  greatest  when  the  grass  and  other 
desirable  and  harmless  plants  give  out  early  and  are  almost  gone  at 
the  time  when  the  chokecherry  leaves  are  most  poisonous. 

Slow  Chokecherry  Poisoning. 

Range  observations  show  that  the  action  of  chokecherry  poisoning 
may  be  either  slow  or  rapid,  depending  upon  the  forage  conditions  and 
the  distances  between  springs  and  streams  available  for  the  watering 
of  the  sheep. 
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Slow  chokecherry  poisoning  occurs  on  ranges  where  the  forage  is 
more  or  less  dry  and  coarse  and  where  the  sheep  go  for  a  peric^  of 
several  hours  without  an  opportunity  to  drink. 

The  sheep  graze  upon  the  coarse  dry  forage ;  and  if  the  chokecheny 
plant  is  present,  they  frequently  browse  upon  its  leaves.  The  choke- 
cherry  leaves  remain  in  the  first  stomach  with  the  mass  of  more  or  le^ 
dry  forage.  There  is  little  absorption  from  the  half-dry  mass  until 
after  the  animal  takes  a  drink.     Digestive  activity  then  starts,  the 


Chokecherry  Branches  Stripped  of  Leaves  by  GraElng  Animals. 

poison  is  set  free  from  the  leaves,  and  symptoms  of  poisoning  appear 
almost  immediately.  The  severity  of  the  poisoning  depends  upon  the 
quantity  of  chokecherry  leaves  in  the  stomach. 

Sheep  which  have  grazed  freely  upon  the  leaves  often  show  the 
poisoning  symptoms  so  promptly  after  drinking  that  the  herder  thinks 
the  drinking  water  must  contain  a  violent  poison.  Animals  so  severely 
poisoned  do  not  get  very  far  away  from  the  stream  before  showing 
signs  of  poisoning  as  a  result  of  the  liberation  and  absorption  of  the 
hydrocyanic  acid.  However,  if  the  sheep  have  not  grazed  freely  upon 
the  chokecherry  leaves,  the  symptoms  develop  more  slowly.  In  fact 
the  poisonous  material  may  be  liberated  so  gradually  that  the  sheep 
will  show  symptoms  for  a  day  or  more  before  either  dying  or  recovering. 

Bapid  Chokecherry  Poisoning. 

Rapid  chokecherry  poisoning  occurs  when  the  sheep  eat  a  consider- 
able quantity  of  the  fresh  green  leaves  in  a  short  space  of  time  and  the 
stomach  contents  are  moist  enough  to  set  free  promptly  a  large  quan- 
tity of  the  poisonous  principle.  The  poison  is  absorbed  rapidly,  poison- 
ing develops  quickly,  and  the  animal  dies  within  a  brief  period,  usually 
within  an  hour. 
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This  type  of  poisoning  is  in  decided  contrast  to  slow  poisoning  where 
a  sheep  may  carry  around  in  its  first  stomach  for  a  day  or  more  a  mass 
of  dry  forage  mixed  with  a  fatal  amount  of  chokecherry  leaves  without 
showing  any  visible  poisoning  symptoms  until  after  taking  a  drink. 
Further,  even  after  taking  a  drink,  although  the  poisoning  symptoms 
develop  promptly,  the  liberation  of  the  hydrocyanic  acid  may  be  so 


Oliokeclierry  Buahes  in  Late  Summer. 

slow  that  instead  of  dying  immediately  the  sheep  may  show  symptoms 
for  a  day  or  more  before  death  or  recovery. 

Such  animals  may  breathe  with  difficulty  for  many  hours,  the  diffi- 
culty being  increased  by  the  least  muscular  exertion.     If  they  are 
driven  or  hurried  by  dogs  they  fall  and  often  die. 
Amoimts  Necessary  to  Make  Sick  or  KUl. 

The  quantity  of  chokecherry  leaves  required  to  cause  visible  poison- 
ing symptoms  varies  with  the  season,  the  moisture  and  forage  content 
of  the  stomach,  the  size  of  the  animal  and  the  rapidity  with  which  the 
leaves  are  taken  into  the  stomach. 

During  the  early  spring  and  continuing  until  late  summer,  the  leaves 
contain  their  highest  percentage  of  hydrocyanic  acid. 

An  average  of  all  the  feeding  tests  with  sheep  made  between  April  24 
and  August  28  at  the  Field  Laboratory  of  the  Nevada  Station  showed 
that  for  each  100  pounds  of  animal  live  weight  it  took  3.23  ounces  of 
the  leaves  to  cause  slight  poisoning  symptoms;   3.50  ounces  to  cause 
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severe  sickness  followed  by  recovery ;  and  4.30  ounces  or  a  little  more 
than  one  quarter  of  a  pound  to  cause  death. 

In  the  feeding  tests  made  later  than  August  28,  it  was  evident  that 
the  leaves  had  lost  most  of  their  poisonous  properties ;  for  in  all  the 
feedings  made  at  this  season  only  two  sheep  showed  symptoms  of  poison- 
ing and  the  effect  in  each  case  was  slight.  The  other  feedings  made  in 
the  autumn  caused  no  symptoms  even  though  the  animal  ate  leaves  at 
the  rate  of  nearly  a  pound,  15.19  ounces,  per  hundred  pounds  of  live 
weight. 

The  size  of  the  animal  influences  its  susceptibility  to  becoming 
poisoned  with  a  given  quantity  of  leaves.  The  larger  the  animal  the 
greater  the  quantity  of  leaves  necessary  to  produce  poisoning.  Strwig 
robust  sheep  have  a  better  chance  to  recover  from  chokecherry  poison- 
ing than  have  animals  weakened  by  various  causes  such  as  old  age, 
insuflScient  feed,  etc. 

The  moisture  and  forage  content  of  the  stomach  controls  in  a  large 
measure  not  only  the  rapidity  with  which  poisoning  symptoms  develop 
but  also  the  severity  of  the  poisoning.  Sheep  that  eat  rapidly  a  con- 
siderable quantity  of  chokecherry  leaves  when  there  is  much  moisture 
in  the  stomach  will  develop  poisoning  symptoms  quickly  and  usnally 
die.  On  the  other  hand  what  would  be  a  fatal  quantity  of  chokecherry 
leaves  under  the  above  conditions  may  not  prove  fatal  if  the  stomach 
contents  are  so  dry  that  there  is  only  a  slow  liberation  and  absorption 
of  the  poisonous  principle  from  the  leaves. 

Relation  Between  Elimination  of  Poison  and  Sheep  Losses. 

Feeding  tests  have  shown  that  when  the  conditions  for  the  rapid 
production  of  hydrocyanic  acid  are  right  then  the  poison  is  absorbed 
quickly.  If  absorption  is  so  great  that  the  limits  of  possible  elimination 
are  passed,  then  death  follows.  On  the  other  hand,  if  the  poison  is 
generated  in  small  quantities  it  is  rapidly  eliminated  from  the  system. 


The  first  stage  of  poisoning  which  may  lead  to  either  death  or 
recovery.  This  is  a  period  of  uneasiness  in  which  the  animal  is  con- 
stantly changing  position,  and  the  breathing  becomes  difficult. 
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Second  stage  of  poisoning  in  wMch  the  animal  has  lost  muscular 
control.  In  this  period  there  are  violent  convulsions,  labored  hurried 
breathing,  open  mouth  with  hanging  tongue,  and  pronounced  gasping 
and  strangling. 


Final  stage  of  poisoning  in  which  convulsions  come  and  go,  gradu- 
ally ceasing,  and  the  animal  lapses  into  insensibility.  This  is  the 
beginning  of  the  end.  The  animal  lies  motionless  on  the  ground  with 
outstretched  legs,  except  for  intervals  when  there  are  a  few  seconds 
of  a  feeble  running  movement  of  the  legs.  Breathing  and  heart 
action  have  almost  ceased.  Bloating  begins  and  gradually  increases 
until  death.  Bespiration  ceases  entirely.  The  pulse  continues  for  a 
few  moments,  stops,  and  death  follows. 

This  accounts  for  the  fact  that  on  many  ranges  there  is  evidence  of  the 
chokecherry  leaves  having  been  grazed  with  no  sheep  losses. 

The  leaves  had  been  eaten  in  small  quantities  at  irregular  intervals, 
X>ermitting  the  hydrocyanic  acid  to  be  liberated,  absorbed  and  eliminated 
without  causing  poisoning.  Therefore,  within  the  period  of  a  day  or 
even  a  few  hours  sheep  may  eat  without  injury  an  amount  equal  to 
many  times  the  fatal  dose  if  the  quantity  eaten  at  any  one  time  is  small 
and  moisture  conditions  favor  the  prompt  production  and  elimination 
of  the  poison.  However,  if  the  conditions  are  not  right  for  the  imme- 
diate setting  free  of  the  hydrocyanic  acid  from  the  leaves  as  soon  as 
they  are  taken  into  the  stomach,  then  the  eating  of  small  quantities 
from  time  to  time  may  finally  cause  such  an  accumulation  as  to  cause 
severe  poisoning  or  even  death.  This  will  follow  just  as  soon  as  the 
animal  drinks  and  sets  up  a  condition  which  causes  the  liberation  of  the 
hydrocyanic  acid  from  the  accumulation  of  leaves  that  have  been 
reposing  in  quite  a  harmless  manner  in  the  first  stomach. 
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Do  Sh99p  Become  Immtine  to  Ohokecheiry  Poisoning  by  Eating  Small  Qnanttttai 
of  Leaves  Dally? 

Daily  experimental  feedings  of  small  quantities  of  the  chcAeclicny 
leaves  failed  to  build  up  any  tolerance  toward  the  poison.  Sheep  which 
had  been  so  fed  showed  only  the  normal  capacity  for  recovery  after  eat- 
ing dangerous  quantities  of  the  leaves.  Evidently,  therefore,  range  sheep 
are  not  rendered  immune  or  partially  immune  to  the  hydrocyanic  acid 
by  daily  grazing  of  small  quantities  of  the  chokecherry  leaves. 
Symptoms  of  Poisoning. 

The  general  course  of  fatal  poisoning  may  be  separated  into  four 
stages:  (1)  A  period  of  uneasiness  during  which  the  poisoned  animal 
will  walk  or  run  a  short  distance  and  then  stop.  This  period  of  con- 
stant movement  and  rapid  change  of  position  is  followed  by  the  second 
stage.  (2)  In  this  stage  respiration  is  difficult,  muscular  control  is 
lost,  the  gait  becomes  unsteady  and  the  animal  totters  and  falls.  (3) 
During  the  third  stage  extreme  difficulty  in  breathing  is  shown  by  the 
wide  open  mouth  with  hanging  tongue,  a  mucous  discharge  from  the 
nostrils  and  very  pronounced  gasping  and  strangling.  The  animal 
struggles  and  its  convulsions  are  severe  and  almost  continuous.  The 
eyes  roll,  the  pupils  are  dilated.  There  is  usually  a  muscular  twitch- 
ing of  the  lips,  eyes,  or  flanks.  The  convulsions  subside  slowly  and 
the  animal  lapses  into  almost  complete  insensibility.  This  is  the  begin- 
ning of  the  fourth  stage,  which  is  brief.  (4)  The  poisoned  animal  lies 
motionless  on  the  ground  with  outstretched  legs.  At  intervals  there  may 
be  for  a  few  seconds  a  feeble  running  movement  of  the  legs.  Breathing 
and  heart  action  have  almost  ceased.  Bloating  begins  slowly  and 
gradually  increases.  The  respiration  ceases  entirely  and  the  pulse  con- 
tinues for  a  few  minutes,  stops,  and  death  follows. 
Possible  Remedies. 

The  action  of  the  poisonous  principle  of  chokecherry  leaves  is  very 
rapid ;  and  the  poison,  hydrocyanic  acid  is  so  deadly  that  on  the  range 
there  is  no  opportunity  for  the  use  of  any  remedies.  During  the  sum- 
mer season  of  1927  several  remedial  measures  were  tried  on  sheep 
poisoned  with  chokecherry  leaves.  All  the  measures  used  failed  to 
keep  the  sheep  alive.  These  measures  included  the  use  of  iron  sulphate 
and  sodium  carbonate,  chlorine,  ground  charcoal,  and  glucose  in  the 
form  of  corn  syrup. 
HandUng  Sheep  on  a  Bange  Supporting  the  Chokecherry  Plant. 

While  the  leaves  of  the  chokecherry  contain  one  of  the  most  powerful 
poisons  known,  nevertheless  sheep  may  be  grazed  safely  on  ranges 
where  the  chokecherry  grows  if  the  following  conditions  are  faithfully 
observed :  (1)  Sheep  must  be  driven  slowly  over  such  ranges;  for  this 
will  give  them  a  chance  to  spread  out  and  to  select  their  food.  (2)  The 
range  must  not  be  overgrazed  or  closely  grazed,  otherwise  the  sheep 
will  graze  frequently  and  excessively  upon  the  chokecherry.  Ordi- 
narily the  leaves  are  not  eaten  in  dangerous  quantities  unless  there  is 
a  distinct  shortage  of  palatable  and  nutritious  forage  plants.  (3)  Sheep 
must  not  "shade  up"  or  "bed  down*'  for  prolonged  periods  in  the  same 
chokecherry  areas  along  streams  or  in  chokecherry  thickets  or  groves 
on  the  sides  of  canyons  for  such  a  practice  overgrazes  or  closely  grates 
these  areas  and  creates  conditions  favorable  to  chokecherry  poisoning. 
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SECTION   I 

A  Statement  of  the  Character  and  Purposes  of  the  Cost  of  Produc- 
tion Study  Which  Is  Being  Carried  on  by  the  Agricultural 
Experiment  Station  of  the  University  of  Nevada. 


REASONS  FOB  UNDEBTAKINa  THE  PROJECT 

Studies  of  the  cost  of  production  of  beef  cattle  in  Nevada  were 
undertaken  at  the  urgent  request  of  the  Nevada  Land  and  Livestock 
Association,  the  Nevada  State  Farm  Bureau,  the  Western  Cattle 
Marketing  Association,  and  the  Nevada  Banker-Farmer  Conference  of 
1927.  For  several  years  these  organizations  have  felt  a  growing  need 
of  adequate  and  accurate  figures  on  the  production  of  live  stock  under 
Nevada  conditions. 

PURPOSES 

The  central  purpose  of  this  project  is  to  obtain  information  on  the 
following  topics : 

(1)  The  basic  general  operating  costs  of  the  cattle  business  on  ranch 
and  range  in  Nevada. 

(2)  The  exact  amounts  and  ratios  of  such  costs  in  the  cattle  business 
in  Nevada. 

(3)  Segregated  cost  information  that  will  show  how  ranch  operations 
in  Nevada  may  be  made  more  efficient. 

(4)  Information  that  will  form  a  foundation  for  intelligent  and  fair 
judgments  upon  the  economics  of  land  tenure  and  grazing  rights  and 
privileges  in  Nevada. 

(5)  Basic  facts  of  the  relationship  between  livestock  investments 
and  capital  investments  that  will  be  of  general  benefit  to  banking  and 
to  the  livestock  business. 

Detailed  information  of  this  type  will  be  obtained  under  a  variety 
of  cattle  ranch  and  range  conditions. 

THE  CHOSEK  METHOD  OF  STUDY 

There  are  various  methods  by  which  a  study  of  this  kind  might  be 
made.  A  general  survey  of  the  cattle  business  covering  a  large  number 
of  ranches  in  a  short  time  would  yield  information,  from  which  an 
analysis  of  the  business  might  be  made.  Still,  the  final  analysis  would 
not  be  founded  so  much  on  actual  records  as  on  the  cattleman's  memory 
and  the  scant  and  fragmentary  records  usually  kept.  Such  a  general 
survey  would  inevitably  include  misinformation,  inaccurate  statements, 
and  a  good  deal  of  guess  work. 

The  method  chosen  by  the  Station,  however,  is  far  more  difficult  and 
expensive.  The  Station  enters  into  cooperative  relationships  with  the 
cattleman  in  keeping  actual  records  through  a  term  of  years  of  all  the 
factors  entering  into  the  cost  of  producing  beef  cattle  for  the  market. 

These  records  are  confidential  in  character  and  are  kept  primarily 
for  the  rancher's  own  private  use.  Only  the  general  conclusions  drawn 
from  the  records  will  be  published  by  the  Station,  and  then  in  such  a 
form  that  the  facts  stated  cannot  be  identified  or  connected  with  any 
individual  ranch. 
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DETAILS  OF  THE  METHOD  OF  STUDY 

Evidently  the  first  step  toward  a  working  knowledge  of  any  busings 
is  a  clear  understanding  of  the  general  conditions  that  govern  produc- 
tion. Cattle  are  produced  in  Nevada  under  a  number  of  different  con- 
ditions and  systems  which  may  be  grouped  as  follows : 

(1)  Cattle  are  handled  jointly  on  ranch  and  range  holdings. 

(2)  Cattle  are  handled  yearlong  on  privately  owned  ranch  lands. 

(3)  Cattle  are  handled  on  ranch  property  and  leased  range  lands. 

(4)  Cattle  are  handled  on  a  yearlong  range  basis,  with  land  invest- 
ment necessarj'  to  give  control  of  range  feed  and  stock  water. 

For  the  purposes  of  the  present  study,  the  ranches  selected  handle 
their  cattle  jointly  on  ranch  and  range  holdings.  They  keep  a  fairly 
constant  breeding  herd  for  the  production  of  two-year-old  steers  and 
mixed  cows  to  be  sold  annually  as  beef  and  feeders.  These  ranches 
are  on  a  straight  cattle  production  basis.  Speculative  operations  are 
eliminated.    Outfits  running  both  sheep  and  cattle  are  not  included. 

BANCH  BOOEKEEPINa 

A  brief  preliminary  survey  showed  that  an  adequate  and  suitable 
method  of  bookkeeping  for  cattle  ranches  had  to  be  worked  out  and  put 
into  use  on  the  cooperating  ranches  in  order  to  meet  the  requirements 
of  this  project.  Of  primary  importance  was  the  task  of  getting  book- 
keeper cooperators  with  suflScient  training,  and  representing  suitable 
cattle  outfits  to  take  hold  of  the  project.  Details  of  the  system  of 
accounts  to  be  used  in  obtaining  and  recording  the  desired  information 
will  have  to  be  worked  out  as  the  project  progresses.  A  set  of  books 
was  compiled  at  the  outset  to  fit  the  known  ranch  conditions,  with  the 
intention  of  adding  to  the  method  or  altering  it  from  year  to  year  as 
conditions  might  demand.  The  system  finally  devised  by  the  authors 
with  the  assistance  of  cooperating  ranchers  and  others  interested 
appears  to  be  simple,  elastic,  and  adapted  to  practical  use,  with  detail 
sufficient  to  show  separate  operation  costs. 

The  set  consists  of  a  Cattle  Kanch  Record  Book  and  a  Time  and 
Memorandum  Book.  The  records  are  designed  to  enable  the  book- 
keeper to  segregate  and  to  enter  separately  the  various  items  pertinent 
to  the  cost  of  each  important  ranch  operation.  Items  of  record,  such 
as  bills  paid  and  cancelled  checks  are  held  on  file  and  posted  directly 
into  the  Record  Book.  Miscellaneous  items  such  as  wages,  cash  expendi- 
tures and  receipts,  are  entered  currently  in  the  Time  and  Memoran- 
dum Bock,  and  are  posted  later  to  the  Ranch  Record  Book  under  the 
separate  ranch  operations.  The  study  is  being  carried  on  by  the  route 
method,  and  visits  to  the  ranches  along  each  route  are  made  frequently 
by  a  field  man  who  supervises  the  work  and  assists  in  keeping  the 
records. 

Costs  of  the  various  ranch  operations  are  computed  and  summarized 
and  the  necessary  data  are  carried  forward  and  entered  in  a  section  of 
the  Ranch  Record  Book  entitled  Segregated  Ranch  Costs. 

Forms  for  cost  analysis  are  set  up  in  the  Record  Book,  showing  the 
following  cost  factors : 

(1)  Cost  of  Hay  Production. 

(2)  Cost  of  Feeding  Hay  to  Live  Stock. 

(3)  Cost  of  Irrigating  Hay  Lands. 
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(4)  Cost  of  Keeping  the  Necessary  Banch  Horses. 

(5)  Cost  of  Labor  and  of  Family  Board. 

(6)  Cost  per  Head  of  Operating  a  Mixed  Herd. 

(7)  Cost  Batios  of  Important  Items  Entering  into  the  Production  of 
Cattle. 

To  each  of  the  cooperating  stockmen  the  greatest  direct  value  of 
these  cost  studies  will  spring  from  a  new  and  detailed  knowledge  of 
his  own  business  and  the  cost  of  every  operation  in  his  year's  work. 

In  the  final  analysis,  averages  will  be  taken  of  the  various  cost 
factors  for  cattle-producing  sections  of  similar  character  in  order 
to  establish  representative  cattle  ranch  production  costs.  Figures 
obtained  in  this  manner,  showing  the  comparative  costs  among  the 
several  systems  of  handling  cattle,  are  expected  to  be  highly  valuable 
to  the  industry,  to  the  general  public,  to  the  people  who  finance  the 
business,  and  to  agencies  of  both  State  and  Federal  governments.  They 
should  establish  a  fair  and  intelligent  understanding  of  the  economics 
of  cattle  production  and  land  tenure  in  Nevada. 
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SECTION    II 

An  Explanation  of  the  Four  Main  Factors  of  Production  and 
Their  Relation  to  Profit  or  Loss: 

1.  The  Running  Cost  Per  Head  Per  Year. 

2.  The  Percentage  of  Calf  Crop. 

3.  The  Percentage  of  Death  Loss. 

4.  The  Selling  Price  Per  Head* 


INTBODUCTION 

At  the  beginning  of  this  study  certain  well  known  factors  that  affect 
profit  or  loss  in  the  cattle  business  are  distinguished.  Their  bearing 
on  the  financial  statement  will  vary  with  different  ranches,  according 
to  the  management.  Requests  were  received  from  several  interested 
ranchers  and  business  men  expressing  a  desire  to  have  these  various 
factors  entering  into  management  tabulated  for  immediate  use.  This 
bulletin  is  preliminary  in  character  and  has  been  written  to  meet  the 
requests  that  have  already  been  received  for  this  type  of  information. 
It  therefore  presents  the  following  material  in  a  form  which  it  is 
believed  may  be  of  value  to  stockmen,  bankers  and  others  interested  in 
the  livestock  business. 

In  any  business  the  factors  which  enter  into  the  analysis  of  profit  or 
loss  are  hard  to  determine  because  of  the  variations  in  methods  and 
conditions.  It  is  even  more  diflScult  in  agricultural  pursuits,  as  the 
factors  which  govern  them  are  especially  complicated  because  the  man- 
ager is  dealing  with  natural  elements  over  which  he  has  little  or  no 
control.  Drought,  storm,  wind,  rain,  and  cold  greatly  increase  the 
risks  in  the  cattle  business ;  for  live  stock  are  entirely  dependent  on  the 
elements  for  the  conditions  of  their  existence.  However,  when  all  these 
variables  have  been  accounted  for,  profit  and  loss  depend  upon  the 
following  four  main  factors : 

(1)  The  running  cost  per  head  per  year. 

(2)  The  percentage  of  calf  crop. 

(3)  The  percentage  of  death  loss. 

(4)  The  selling  price  per  head. 

BUNNINa  COST 

The  running  cost  per  head  per  annum  is  the  siun  total  of  all  cost 
items  covering  ranch  operations  for  the  year,  divided  by  the  number 
of  cattle  on  hand  at  the  beginning  of  the  year. 

Within  the  last  seven  years  this  item  in  the  cattle  business  has  beeu 
cut  to  the  core.  Only  those  operators  who  were  able  to  reduce  their 
overhead  to  the  minimum  have  been  able  to  stay  in  the  business. 
Cattlemen  made  their  old  machinery  do  another  year,  cut  down  their 
labor,  and  added  more  hours  to  their  own  time.  Still,  it  is  fully  to  be 
expected  that  the  cost  studies  now  in  progress  will  point  to  ways  of 
reducing  running  costs  still  further  by  finding  existing  leaks  where 
various  ranch  operation  costs  are  excessive. 
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CALF  OBOP 

This  is  a  vital  factor  in  the  cattle  business.  A  recent  study  of  the 
calf  crop  in  Nevada  by  Dr.  W.  H.  Hilts  showed  that  the  number  of 
calves  bom  varied  between  25  and  95  per  cent  of  the  breeding  cows, 
with  an  average  for  the  State  of  about  60  per  cent.  At  weaning  time 
the  average  was  found  to  be  nearer  55  per  cent.  Too  often  cattlemen 
pro  on  producing  without  paying  any  great  amount  of  attention  to  this 
important  item  and  within  a  few  years  financial  embarrassment  and 
failure  are  certain  to  follow.  Good  cattlemen  point  to  many  instances 
\%'here  neighbors  have  gone  broke  without  realizing  that  an  exceedingly 
small  calf  crop  was  the  real  cause. 

It  is  recognized  that  group  action  is  necessary  in  order  to  get  the 
hiprhest  percentage  of  calf  crop.  However,  there  are  many  things  that 
a  rancher  can  do  to  increase  his  calf  tally.  Often,  on  the  same  range 
and  imder  what  appear  to  be  the  same  conditions,  one  rancher  will  get 
a  seventy-five  per  cent  calf  crop  while  his  neighbor  gets  only  fifty  per 
cent.  This  is  apt  to  mean  the  difference  between  success  and  failure. 
The  table  that  accompanies  this  article  shows  this  fact  more  clearly. 
The  reason  for  emphasizing  this  vital  cost  factor  is  to  show  that  there 
must  be  the  proper  relationship  between  the  annual  calf  crop  obtained 
and  the  running  cost  per  head  per  year  in  order  to  insure  economic 
production. 

Important  factors  that  cause  low  calf  crop  production  are : 

(1)  Inadequate  supply  of  bulls. 

(2)  Bulls  not  acclimated,  in  poor  condition,  unevenly  distributed, 
and  often  too  old. 

(3)  No  provision  made  to  supply  fresh  bulls  for  service  when  cattle 
are  gathered. 

(4)  Cows  not  in  thrifty  breeding  condition  due  to  poor  range,  insuflfi- 
cient  balanced  winter  rations,  or  a  combination  of  both. 

(5)  Heifers  bred  too  soon,  causing  them  in  many  cases  to  skip  a 
year  before  calving  again. 

(6)  Big  calves  allowed  to  suck  the  eows,  often  caxising  the  cow  to 
lose  her  next  calf,  or  run  down  in  flesh  and  pass  a  year. 

(7)  Abortions  and  genital  diseases. 

(8)  Losses  due  to  lack  of  care  and  shelter,  especially  true  among 
new-bom  calves  in  the  winter  months. 

(9)  Keeping  breeding  stock,  calves,  and  mixed  classes  of  cattle  in 
the  same  pastures. 

It  can  easily  be  conceived  that  by  increasing  the  calf  crop  per- 
centage and  reducing  the  breeding  herd  proportionately  the  same 
annual  beef  turnoflf  could  still  be  produced.  It  would  naturally  follow 
that  the  ranges  would  have  a  lesser  number  of  breeding  cattle  to  carry, 
making  for  better  grazing.  This  condition  would  also  make  the  supply 
of  ranch  forage  crops  more  adequate. 

DEATH  LOSS 

The  calf  crop  is  only  the  first  step ;  the  next  one  is  to  raise  the  calves 
to  a  profitable  maturity  by  keeping  the  death  losses  as  low  as  possible. 
This  requires  skill,  experience,  and  effort.  A  lifeless  carcass  on  the 
field  represents  that  much  value  taken  directly  out  of  the  business. 
Death  losses  constantly  occur.    Often  they  are  unavoidable,  but  many 
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of  them  are  easily  prevented.    This  is  true  of  blackleg,  a  disease  that 
is  now  almost  wholly  under  control. 

Losses  due  to  poisonous  range  plants  are  a  harder  matter  to  handle; 
but  the  center  of  the  poisonous  plant  problem  on  the  range  is  in  itself 
another  problem,  that  of  using  the  range  and  still  keeping  it  in  thriv- 
ing condition.  The  work  done  by  C.  E.  Fleming,  Chief  in  Range  Man- 
agement in  the  Nevada  Station,  has  shown  very  clearly  that  cattle  and 
sheep  do  not  relish  the  poisonous  plants ;  that  most  of  these  plants  are 
in  fact  repellent,  and  are  eaten  only  when  the  rang^  are  short  of  gra.ss 
and  other  feed  and  the  grazing  animals  eat  plants  that  they  ordinarily 
will  not  touch. 

Cattlemen  estimate  that  on  an  average  death  losses  from  disease, 
accident,  and  poisoning  take  five  animals  out  of  every  hundred  pro- 
duced on  ranch  and  range  in  Nevada,  a  figure  that  makes  a  severe  cut 
in  possible  profits. 

MARKET  PRICE 

The  turning  point  toward  profit  or  loss  in  the  cattle  business  is  in 
the  price  per  head  obtained  on  the  market  for  beef  and  feeders.  The 
overhead  may  be  as  low  as  possible,  the  calf  crop  good,  and  the  death 
loss  low;  but  unless  the  right  price  is  finally  obtained,  the  business 
may  still  fail  to  pay. 

The  first  three  cast  factors,  nameh^  Running  Cost,  Calf  Crop  Per- 
centage, and  Death  Loss,  are  more  or  less  under  the  grower's  control. 
The  fourth,  Market  Price  Received,  in  a  large  measure  determines 
whether  the  business  shows  a  profit  or  a  loss.  This  factor  in  the  cattle 
business  has  been  sadly  neglected  and  it  is  only  recently  that  growers 
have  combined  their  efforts  to  stabilize  prices  through  orderly  market- 
ing. For  example,  the  Western  Cattle  Marketing  Association  in 
California  has  recently  made  great  strides  in  cooperation  and  has 
accomplished  more  than  all  other  agencies  on  the  Pacific  Coast  in 
bettering  market  conditions. 

It  is  obvious  that  if  cattlemen  in  general  use  improved  practices  to 
correct  existing  losses  in  the  business  and  keep  the  bulk  of  their  heifer 
calves,  then  the  inevitable  result  will  be  over-production,  followed  Uiter 
by  liquidation  and  falling  prices. 

Stockmen  should  strive  for  economic  production,  at  the  same  time 
heeding  the  advice  of  well-informed  men  in  the  business  who  sound 
this  note  of  warning  against  unwarranted  expansion : 

There  are  indications  that  cattlemen  throughout  the  western 
producing  States  are  quite  generally  making  plans  for  largely 
restoring  the  depleted  ranges  and  pastures.  There  is  an 
element  of  serious  danger  in  this.  The  cattle  business  has 
been  noted  for  its  ups  and  downs  throughout  its  entire  his- 
tory. The  temptation  to  overstock  recurs  with  every  upward 
curve  of  prices.  Yielding  to  this  temptation  has  bankrupted 
more  cattlemen  than  all  other  causes  combined.  Frozen  cattle 
paper  has  caused  more  bank  failures  throughout  the  West 
than  an^'thing  else. 

Moderate  expansion  of  the  cattle  business  is  justified,  but 
stockmen  who  again  plunge  headlong  into  debt  will  be  for- 
tunate, indeed,  if  they  get  out  again  before  another  price 

collapse.  —The  Agriculhiral  Revieiv,  December,  t927. 
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THEOBETIOAI.  HEBD 

The  following  tables  and  charts  show  the  relation  of  running  cost 
and  calf  crop  percentage  to  profit  and  loss,  figured  on  the  basis  for 
constant  breeding  herd  of  one  hundred  head.  On  this  basis  Nevada 
cattlemen  can  make  interesting  applications  of  the  facts  of  the  tables 
to  their  own  conditions,  for  they  bring  out  the  relative  importance  of 
the  various  factors  entering  into  production. 

The  results  obtained  depend  upon  the  completeness  and  accuracy  of 
the  ranch  accounts  used  in  the  compilation.  Where  ranch  records 
are  not  kept  estimates  must  be  used  as  a  guide : 


TABT.E  I 

Profit  and  Loss — Theoretical  Herd 

Beef 

Profit  or 

loea  per  heac 

Average 

Average 

£v  K  H vu fly 

castver 

Calvina 

percent 

production 

1927  mar- 

A, 

B, 

h4>adper 

pwcewtat 

Death  loB* 

cows  and 

coetper 

ket  price 

On  beef 

On  breed- 

Ifmr 

tP40Hitiff 

percent 

tteere 

head 

per  head 

tumoff 

ing  herd 

$10.00 

86 

5 

27 

187.08 

170.00 

$82.97 

$8.90 

10.00 

80 

5 

26 

88.46 

70.00 

81.54 

8.20 

10.00 

76 

5 

25       ' 

40.00 

70.00 

80.00 

7.50 

10.00 

70 

5 

24 

41.66 

70.00 

28.84 

6.80 

10.00 

66 

5 

28 

48.47 

70.00 

26.58 

6.10 

10.00 

60 

5 

22 

45.45 

70.00 

24.55 

6.40 

10.00 

55 

5 

21 

47.61 

70.00 

22.89 

4.70 

10.00 

60 

5 

20 

50.00 

70.00 

20.00 

4.00 

12.00 

86 

5 

27 

44.44 

70.00 

25.56 

6.90 

12.00 

80 

5 

26 

46.16 

70.00 

28.85 

6.20 

12.00 

75 

5 

26 

48.00 

70.00 

22.00 

5.50 

12.00 

70 

5 

24 

50.00 

70.00 

20.00 

4.80 

12.00 

65 

5 

28 

52.17 

70.00 

17.88 

4.10 

12.00 

60 

5    . 

22 

54.54 

70.00 

16.46 

3.40 

12.00 

65 

5 

21 

57.14 

70.00 

12.86 

2.70 

12.00 

50 

5 

20 

60.00 

70.00 

10.00 

2.00 

14.00 

85 

5 

27 

51.85 

70.00 

18.15 

4.90 

14.00 

80 

5 

26 

58.84 

70.00 

16.16 

4.20 

14.00 

75 

5 

25 

56.00 

70.00 

14.00 

S.50 

14.00 

70 

5 

24 

58.88 

70.00 

11.67 

2.80 

14.00 

65 

5 

28 

60.86 

70.00 

9.14 

2.10 

14.00 

60 

5 

22 

68.68 

70.00 

6.37 

1.40 

14.00 

55 

5 

21 

66.66 

70.00 

8.34 

0.70 

14.00 

50 

5 

^20 

70.00 

70.00 

0.00 

0.00 

16.00 

85 

5 

27 

65.55 

70.00 

14.45 

8.90 

15.00 

80 

5 

26 

57.69 

70.00 

12.81 

8.20 

15.00 

75 

5 

25 

60.00 

70.00 

10.00 

2.50 

15.00 

70 

5 

24 

62.60 

70.00 

7.50 

1.80 

15.00 

65 

5 

28 

65.21 

70.00 

4.79 

1.10 

16.00 

60 

5 

22 

68.18 

70.00 

1.82 

0.40 

16.00 

56 

5 

21 

71.42 

70.00 

-1.42 

-0.80 

15.00 

50 

5 

20 

76.00 

70.00 

-5.00 

-1.00 

16.00 

86 

5 

27 

59.26 

70.00 

10.75 

2-90 

16.00 

80 

5 

26 

61.63 

70.00 

8.47 

2.20 

16.00 

75 

5 

25 

64.00 

70.00 

6.00 

1.50 

16.00 

70 

5 

24 

66.66 

70.00 

8.84 

0.80 

16.00 

65 

5 

28 

69.66 

70.00 

0.44 

0.10 

16.00 

60 

5 

22 

72.72 

70.00 

-2.72 

-0.60 

16.00 

55 

5 

21 

76.19 

70.00 

-6.19 

-1.30 

16.00 

50 

5 

20 

80.00 

70.00 

-10.00 

-2.00 

18.00 

85 

5 

27 

66.66 

70.00 

8.34 

0.90 

18.00 

80 

.•> 

26 

69!2d 

70.00 

0.77 

0.20 

18.00 

76 

6 

25 

72.00 

70.00 

-2.00 

-0.50 

18.00 

70 

5 

24 

75.00 

70.00 

-5.00 

-1.20 

18.00 

65 

5 

23 

78.26 

70.00 

-8.26 

-1.90 

18.00 

60 

5 

22 

81.81 

70.00 

-11.81 

-2.60 

18.00 

55 

5 

21 

85.71 

70.00 

-15.71 

-3.30 

18.00 

50 

5 

20 

90.00 

70.00 

-20.00 

-4.00 
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Table  I — Continued 

Beef  Profit  or  low  per  kttd 

Running  tumoif.  Average  Average 

coei  per  Calving  per  cent  production  I9t7  mar'  A.  B. 

head  per  per  cent  at  Death  lose  vowe  and  coet  per  ket  price  On  beef  On  hrtti- 

year  weaning  percent  eteere  head  per  head  tumof  imgkeri 

WO.OO  86  5  27  $74.07  $70.00  -W.OT  -$U$ 

20.00  80  6  26  76.92  70.00  -6.92  -1.W 

20.00  76  6  25  80.00  70.00  -10.00  -2J0 

20.00  70  6  24  88.8$  70.00  -18.88  -3.30 

20.00  66  6  23  86.95  70.00  -16.95  -$.M 

20.00  60  5  22  90.90  70.00  -20.90  -4JI 

20.00  56  5  21  96^8  70.00  -26.28  -U» 

20.00  50  6  20  100.00  7«.00  -80.00  -«.0« 

This  table  shows  the  effect  of  running  cost  and  percentage  of  calf 
crop  on  profit  or  loss. 

Column  1.  The  running  cost  per  head  per  year  is  the  sum  total  of 
all  cost  items  covering  ranch  operations  for  the  year  divided  by  the 
number  of  cattle  on  hand  at  the  beginning  of  the  year. 

Column  2.  The  calving  percentage  at  weaning  time  varies  from 
50  to  85  per  cent. 

Column  3,    The  death  loss  is  taken  as  being  constant. 

Column  4.  The  beef  turnoff  is  the  number  of  cattle  available  for 
market  per  hundred  head  and  varies  in  proportion  to  the  calf  crop. 

Column  5.  The  average  production  cost  per  head  is  obtained  by 
dividing  the  beef  turnoff  into  the  running  cost. 

Column  6,  The  average  1927  market  price  per  head  for  northeastern 
Nevada  grass  cattle  (beef  and  feeders)  is  obtained  as  follows: 

Steers — 2-21^  years : 

940  pounds ) 

Cows — All  ages: 

%  young  fat  cows 1000  lb  @  614c  =  $62.50  )  ^..^r, 

Vi  mixed  cows 1000  lb  @  6c     =   60.00  ^^''^  =  $55.00 

M?  rough  off  cows 1000  lb  @  414c  =   42.50  )     "^ 

Assuming  that  the  calves  bom  are  equally  divided,  steers  and  heifers, 
the  herd  under  average  Nevada  conditions  should  have  available  for 
market  annually  about  4  steers  to  eveVj^  3  cows.*  Therefore,  the 
average  market  price  for  northeastern  Nevada  grass  cattle  (beef  and 
feeders)  is: 

4  steers  (5)  $81.25 $325.00  /   $490_^-qqq 

3  cows  @  $55.00 165.00  (7 

For  sections  of  the  State  where  the  weight  and  price  received  varies 
materially  from  the  above  figure  another  market  price  should  be  com- 
puted on  the  above  basis  and  substituted. 
Column  7,    Profit  or  loss  per  head. 

A.  On  the  Beef  Turnoff — Here  is  found  the  profit  or  loss 
per  head  on  animals  available  for  market,  which  varies  in 
accordance  with  the  running  cost  and  calf  crop. 

*It  is  realized  tliat  in  tliis  tlieoretleal  herd  where  a  constant  breeding  henl 
is  maintained,  the  ratio  of  4  steers  to  3  cows  (sold  annually  as  beef  or  feeder?! 
will  vary  in  proportion  to  the  percentage  of  calf  crop.  However,  this  ratio  will 
apply  to  the  Immediate  practical  purpose. 
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B.     On  the  Breeding  Herd — Here  the  profit  or  loss  is  allo- 
cated to  the  entire  breeding  herd. 

In  using  this  table  the  stockman  should  locate  his  running  cost  per 
head  per  year  and  his  calving  percentage  in  columns  one  and  two ;  the 
figures  that  follow  across  will  give  theoretically  his  annual  beef  turn- 
off  i>ercentage,  his  average  production  cost  and,  in  the  last  columns, 
his  profit  or  loss  per  head,  the  first  of  which  is  the  profit  or  loss  per 
head  on  the  cattle  available  for  market,  and  the  second  the  profit  or 
loss  allocated  to  the  entire  breeding  herd. 
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It  is  interesting  to  note  in  this  table  that,  with  a  55  per  cent  calf 
crop  at  weaning  time  and  a  5  per  cent  death  loss,  the  stockman  must 
keep  his  running  cost  well  under  $15  per  head  per  year  in  order  to 
stay  in  the  business. 

It  is  indeed  a  fortunate  cattleman  who  can  hold  his  annual  running 
cost  as  low  as  $10  per  head  and  get  a  calf  crop  percentage  of  55.  With 
these  figures,  his  profit  per  head  on  beef  cattle  available  for  market 
annually  will  be  $22.39  which,  when  allocated  to  the  entire  herd, 
reduces  to  $4.70  profit  per  he^d.    In  contrast,  the  rancher  who  has  a 
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$15  per  head  running  cost  and  a  55  per  cent  calf  crop  loses  $1.45  per 
head  on  beef  available  for  sale  annually,  or  $0.29  per  head  on  the 
entire  herd. 

In  this  table  it  can  also  be  seen  that  for  every  $2  raise  in  the  running 
cost  there  must  be  an  increase  of  approximately  15  per  cent  in  the  calf 
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crop ;  i.  e.,  with  a  $12  running  cost  and  a  55  per  cent  calf  crop  the  per 
head  profit  on  the  entire  herd  is  $2.70 ;  with  a  $14  running  cost  and  a 
70  per  cent  calf  crop  the  per  head  profit  is  $2.80.  This  same  condition 
follows  through  the  entire  table. 

Chart  Number  1  shows  the  profit  or  loss  per  head  on  the  beef  tamoff 
(at  1927  grass  cattle  market  prices)  from  a  constant  breeding  herd.  It 
is  a  graphic  representation  of  figures  given  in  Table  I,  Column  7-A. 
It  can  be  clearly  seen  that  at  a  given  running  cost  the  profits  increase 
and  the  losses  decrease  as  a  result  of  a  larger  calf  crop  percentage,  t.  e., 
if  a  cattle  outnt  can  hold  its  running  cost  per  head  as  low  as  $10  and 
at  the  same  time  get  a  calf  crop  of  50  per  cent  or  better  it  is  assured 
a  good  profit.  Those  who  have  a  $14  per  head  running  cost  and  a  50 
per  cent  calf  crop  just  break  even.  But  if  they  can  increase  their  calf 
crop  percentage  to  65  and  maintain  the  same  running  cost  they  will 
show  a  profit  of  $9  per  head.  Those  who  have  a  $20  per  head  running 
cost  are  producing  at  a  loss  even  though  they  get  a  95  per  cent  calf 
crop. 

Chart  Number  2  is  a  graphic  representation  of  the  figures  given  in 
Table  I,  Column  7-B.  It  will  be  noted  that  there  is  the  same  trend  as 
in  Chart  Number  1.  This  is  true,  as  the  only  difference  between  them 
is  that  in  the  first  chart  the  profit  and  loss  is  shown  on  cattle  available 
for  market  and  in  the  second  it  has  been  allbcated  to  the  entire  herd. 

From  these  charts  it  is  clear  that  a  $12  running  cost  with  a  50  per 
cent  calf  crop  and  a  $14  running  cost  with  a  65  per  cent  calf  crop  will 
produce  equal  profits,  in  round  numbers,  provided  the  cattle  are  of 
equal  quality  and  grade.  Evidently  each  stockman  must  determine 
the  best  relationship  between  running  cost  and  calf  crop  percentage  for 
economic  production  under  his  own  ranch  and  range  conditions.  The 
average  Nevada  stockman  should  strive  to  increase  his  calf  crop  with- 
out materially  increasing  his  running  cost  per  head,  and  at  the  same 
time  turn  off  a  good  product. 

Chart  Number  3  shows  the  per  head  production  cost  and  profit  or 
loss  on  the  beef  turnoff  from  constant  breeding  herds  having  calf  crops 
of  from  50  to  85  per  cent,  with  a  running  cost  of  $10,  $15  or  $20  per 
head. 
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FOREWORD 


This  bulletin  is  intended  to  present  some  general  information  con- 
cerning the  pumping  of  water  from  wells  for  irrigation  in  southern 
Nevada.  The  material  is  not  technical  in  character,  for  the  writer 
feels  that  a  statement  of  the  general  principles  governing  the  develop- 
ment of  underground  water  supplies  is  of  greater  present  value  to 
prospective  settlers  than  either  engineering  data  or  information  regard- 
ing conditions  in  limited  districts.  Many  such  districts  have  in  fact 
been  covered  by  published  reports  from  various  sources  in  a  much  more 
detailed  manner  than  is  possible  in  this  bulletin. 

It  does  not  seem  necessary  to  enter  into  detailed  descriptions  of 
the  various  types  of  pumps  and  methods  of  installing  and  operating 
them,  when  such  information  can  be  obtained  directly  from  the 
manufacturers. 

All  available  sources  of  information  have  been  drawn  upon  freely. 
Acknowledgement  of  tabulated  data  and  of  formulas  which  were  bor- 
rowed from  other  publications  is  made  at  various  points  in  the  text. 

The  writer  is  indebted  to  W.  W.  McLaughlin,  Associate  Chief  of  the 
Division  of  Agricultural  Engineering,  the  Bureau  of  Public  Roads, 
and  the  U.  S.  Department  of  Agriculture  for  many  helpful  suggestions 
in  the  preparation  of  the  manuscript  and  for  valuable  advice  and  sug- 
gestions while  the  experimental  studies  of  the  water  supply  of  the  Las 
Vegas  region  were  in  progress. 

GEORGE  HARDMAN. 

Las  Vegas,  Nevada,  February  1,  1928. 
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SUMMARY 

1.  Opportunities  are  present  in  Nevada  in  many  localities  for  the 

development  of  new  farming  lands  by  pumping  water  for 
irrigation. 

2.  Conditions  favorable  to  the  underground  storage  of  water  may  be 

found  in  many  Nevada  valleys. 

3.  The  recovery  of  considerable  amounts  of  water  from  the  xinder- 

ground  supplies  is  possible  and  feasible. 

4.  With  few  exceptions  farming  must  follow  the  general  type  made 

necessary  by  the  natural  conditions.    In  Nevada  this  is  live- 
stock raising. 

5.  Wells  should  be  located  with  due  regard  to  possible  underground 

supplies. 

6.  Wells  should  be  sunk  by  an  experienced  driller,  if  possible. 

7.  Wells  should  be  tested,  to  determine  their  capacity,  before  pump- 

ing equipment  is  purchased;    and  the  type  and  size  of  the 
pump  should  be  selected  to  meet  the  needs  and  conditions. 

8.  The  water  should  be  analyzed  to  determine  its  fitness  for  use  in 

irrigation  and  for  domestic  purposes. 

9.  In  Nevada  the  average  cost  of  fuel  for  pumping  is  high,  and  the 

average  value  per  acre  of  the  crops  grown  is  low.     Under  • 
these  conditions  the  limit  of  the  maximum  economical  pump- 
ing lift  is  also  low. 


Digitized  by 


Google 


The  Union  Pacific  Well  Near  Las  Vegas,  Nevada. 
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THE  DEVELOPMENT  OF  GROUND  WATER 
IN  NEVADA  BY  PUMPING 


INTEODUOnON 

Nevada,  with  its  110,690  square  miles  of  thinly  populated  territory, 
would  appear  to  offer  many  opportunities  to  the  homeseeker.  For  the 
man  who  understands  local  conditions,  and  who  has  the  necessary 
financial  means  for  developing  a  desert  soil  and  bringing  it  under 
cultivation  and  into  a  producing  state,  such  opportunities  do  indeed 
exist  in  ample  measure.  However,  for  the  man  who  lacks  the  necessary 
financial  resources  the  prospects  are  not  enticing. 

Natural  conditions  usually  determine  the  general  type  of  agriculture 
found  in  any  community ;  and  in  Nevada  such  conditions  have  made 
the  raising  of  live  stock  the  dominant  type  of  farming.  Except  in 
local  instances  livestock  raising  is,  at  present,  the  basic  agricultural 
industry ;  and  other  types  of  farming  are  usually  dependent  upon  the 
stock  interests.  A  glance  at  a  relief  map  of  Nevada  shows  a  series  of 
nearly  parallel  moimtain  ranges  with  intervening  narrow  trough-like 
valleys.  These  valleys  and  mountains  afford  winter  and  summer  graz- 
ing range  for  stock ;  but  the  rainfall  over  almost  the  entire  State  is  too 
scanty  to  permit  dry  farming,  and  field  crops  are  grown  only  under 
irrigation. 

In  some  regions  the  local  conditions  of  soil  and  climate  favor  the 
development  of  a  different  type  of  agriculture ;  but,  except  in  a  very 
few  instances,  distance  from  market  and  lack  of  transportation  are 
handicaps  too  great  to  overcome.  This  is  especially  true  in  the  ipore 
isolated  undeveloped  valleys  where  the  opportunity  to  secure  land  and 
water  is  the  best.  It  forces  the  development  of  such  valleys  to  follow 
the  general  trend  of  the  State 's  agriculture. 

OEOLOaT  AND  WATEB  SUPPLY 
During  earlier  geologic  times  many  of  the  valleys  in  Nevada  con- 
tained lakes,  remnants  of  which  are  found  in  Walker  and  Pyramid 
Lakes,  the  "sinks"  of  the  Carson  and  the  Humboldt,  the  Ruby  Lakes 
and  many  smaller  intermittent  lakes.  Many  of  these  former  lakes  were 
slowly  destroyed  by  filling  with  lake  sediments,  while  others  ultimately 
found  outlets  to  rivers  or  to  lower  valleys.  The  depth  of  the  sedi- 
mentary deposits  in  these  old  lake  beds  may  be  very  great.  In  the 
Las  Vegas  Valley  bed  rock  is  found  only  after  drilling  to  a  depth  of 
about  1,100  feet,  while  in  Railroad  Valley,  a  few  miles  to  the  north,  a 
well  2,000  feet  deep  ended  in  valley  fill.  The  break  of  the  Mormon 
mesa  in  the  Virgin  and  Moapa  Valleys  exposes  about  500  feet  of  fill 
material.  These  deep  sediments  allow  the  flow  of  large  quantities  of 
water  below  the  surface,  and  in  some  cases  permit  the  escape  of  water 
from  one  basin  to  another  through  the  sediments  or  through  cracks  and 
crevices  in  the  underlying  rocks.  Naturally  the  quantity  of  water 
required  to  saturate  these  underground  sediments  is  very  great  and  the 
yield  from  them  when  they  are  tapped  by  wells  is  correspondingly 
large. 
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RAINFALL 

The  average  annual  precipitation  for  Nevada  for  the  period  1915 
to  1926  was  8.39  inches.  That  is,  if  the  rainfall  had  been  uniformly 
distributed,  every  spot  of  land  in  the  State  would  have  received  this 
amount  of  moisture.  However,  the  rainfall  in  Nevada  is,  of  course, 
not  uniform,  but  varies  within  wide  limits.  In  general,  the  valleys 
receive  much  less  and  the  mountains  more  than  an  average  of  8.39 
inches. 

The  altitude  of  the  valleys  in  the  northern  and  eastern  sections  of 
the  State  ranges  from  4,000  to  5,000  feet,  and  these  valleys  receive  an 
average  of  about  six  inches  of  rainfall  per  year.  The  valleys  in  the 
southeastern  section  are  lower  and  somewhat  drier.  Las  Vegas,  at  an 
altitude  of  2,000  feet,  has  an  average  of  4.82  inches  of  rainfall,  while 
Lc^andale,  at  an  altitude  of  about  1,600  feet,  receives  about  5.84  inches 
per  year. 

The  total  annual  precipitation  increases  progressively  with  eleva- 
tion, though  the  rate  of  increase  is  not  uniform  in  the  various  sections 
of  the  State,  and  in  any  area  rather  wide  variations  may  occur  in 
the  total  precipitation  at  different  stations  at  the  same  elevation. 
Storms  occur  more  frequently  in  certain  localities  than  in  others.  This 
is  especially  true  of  the  summer  thunder  storms. 

L.  H.  Taylor,  in  the  course  of  a  study  of  the  water  supply  of  the 
Truckee  River  basin,  tabulated  the  progressive  increase  in  rainfall  from 
the  lowest  station  in  point  of  elevation  to  the  highest  points  on  the 
Sierra  Nevada  for  which  weather  records  were  available.  His  study 
showed  the  average  increase  in  precipitation  for  each  100  feet  rise  in 
elevation  to  be  1.28  inches.  This  figure  is  probably  accurate  for  a  con- 
siderable extent  of  the  Sierra  Nevada  range,  but  cannot  be  used  in 
estimating  the  precipitation  for  other  sections  of  the  State. 

W.  0.  Clark  and  C.  W.  Riddell  in  estimating  the  underground  water 
supply  of  the  Steptoe  Valley  in  White  Pine  County  assembled  the 
weather  records  from  17  stations  in  Elko  and  White  Pine  Counties. 
When  arranged  according  to  altitudes  these  stations  show  a  fairly 
regular  increase  in  precipitation  with  increasing  elevations.  The 
factor  of  increase,  or  rate  of  increase  for  each  100  feet  of  rise  in  eleva- 
tion, was  calculated  by  the  writer  to  be  about  0.45  inches.  The  eleva- 
tions of  these  stations  ranged  from  4,812  to  7,977  feet.  It  is  probable 
that  this  factor  will  be  found  to  give  comparatively  accurate  results  in 
estimating  the  precipitation  for  the  areas  represented  by  these  stations. 
It  may,  in  fact,  be  applicable  to  the  entire  northern  and  eastern  part 
of  Nevada  east  of  the  Sierra. 

In  the  southeastern  part  of  the  State  the  precipitation  averages 
slightly  less  than  in  the  other  districts.  Moreover,  at  elevations  below 
6,000  feet  there  appears  to  be  little  if  any  local  difference  in  precipita- 
tion due  to  elevation.  Above  6,000  feet  there  are  no  existing  records 
upon  which  to  base  an  estimate  of  increases  due  to  altitude.  However, 
there  is  ample  evidence  in  increased  plant  growth,  springs,  streams, 
and  heavy  snowfall  to  show  that  there  is  material  increase  in  precipi- 
tation with  increases  in  elevation  above  6,000  feet.  In  the  absence  of 
records  upon  which  to  base  an  estimate  of  this  increase  for  south- 
eastern Nevada  the  factor  determined  for  the  northeastern  section  of 
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0.45  inches  increase  for  each  100  feet  rise  in  elevation  may  be  con- 
sidered applicable.  If  six  inches  is  taken  as  the  average  precipitation 
at  an  elevation  of  6,000  feet  the  factor  of  0.45  inches  gives  a  total  rain- 
fall of  18.5  inches  at  9,000  feet,  which  does  not  appear  improbable. 

Storms  may  occur  during  any  month  of  the  year  in  Nevada,  but  most 
of  the  year's  total  precipitation  comes  during  the  winter  months. 
November,  December,  January,  and  February  are  the  months  of  rela- 
tively heavy  precipitation.  In  the  mountains,  summer  storms  are  of 
real  value  for  they  often  serve  to  replenish  the  moisture  supply  and  to 
cause  springs  and  streams  to  flow  with  renewed  vigor.  The  summer 
showers  that  fall  over  the  valleys  are  often  more  detrimental  than 
useful.  Frequently  the  total  rainfall  in  such  a  shower  is  too  slight  to 
wet  more  than  the  surface  of  the  ground,  thus  causing  the  soil  to  crust 
and  bake.  Even  when  the  rainfall  is  heavy  enough  to  wet  the  soil  to 
a  useful  depth,  then  as  often  as  not  it  comes  as  a  torrential  downpour 
which  rushes  over  the  surface  with  little  opportunity  for  absorption. 

UNDEBGBOUND   WATEB 

There  is  no  mystery  about  the  supply  of  underground  water  in  the 
desert  valleys  of  Nevada.  It  must  all  come  from  the  precipitation  that 
falls  in  the  form  of  rain  or  snow.  Also,  this  supply  is  subject  to  the 
same  losses  as  surface  waters,  although  the  losses  take  place  at  a  much 
slower  rate.  Losses  from  surface  waters  may  be  divided  into  four  parts : 
run-oflP,  evaporation,  transpiration,  and  deep  percolation,  the  latter 
being  the  part  of  the  total  rainfall  that  enters  into  the  underground 
channels  and  forms  the  ground  water  supply. 

Although  not  subject  to  evaporation  or  transpiration  losses  while  in 
the  deep  channels,  the  underground  water  does  have  outlets  and  hence 
a  run-off  loss.  These  outlets  may  be  springs,  streams,  lakes,  swamps  or 
merely  wet  lands  where  evaporation  from  the  moist  surface  of  the 
ground  and  the  transpiration  from  the  growing  plans  afford  the  outlet. 
If  no  such  outlets  existed,  then  the  yearly  increase  in  the  water  stored 
in  the  underground  reservoirs  would  in  time  fill  them  to  overflowing ; 
and  the  water  would  appear  on  the  surface.  Then,  instead  of  our 
interior  valleys  containing  dry  lakes,  real  lakes  would  again  appear. 

If  the  annual  rainfall  over  the  State  were  40  inches  instead  of  8.39 
inches,  this  condition  would  obtain  and  Nevada  would  be  dotted  with 
innumerable  bodies  of  water. 

The  exact  percentage  of  the  rainfall  that  penetrates  deeply  enough 
into  the  soil  to  be  lost  to  the  surface  and  thus  to  become  part  of  the 
underground  water  supply  is  variable  and  depends  upon  such  factors 
as  the  topography  or  character  of  the  surface  of  the  ground,  the  tex- 
ture and  depth  of  the  soil  cover,  and  the  amount  and  distribution  of 
the  rainfall. 

Over  a  considerable  part  of  Nevada  the  topographic  conditions  are 
favorable  for  the  accumulation  of  underground  water.  The  narrow, 
flat  valleys  filled  with  deep,  rather  loose  sediments  and  surrounded  by 
barren,  precipitous  mountains  afford  ideal  conditions  for  the  catchment 
of  a  large  part  of  the  run-off.  Moreover,  along  the  bases  of  the  moun- 
tain ranges  there  are  long  alluvial  fans  of  coarse  sediments  ideally 
situated  to  absorb  the  run-off. 
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A  Section  of  the  Spring  Mountain  Watershed  in  May.  Only  in  years  of 
exceptionally  high  precipitation  do  the  streams  from  these  mountains 
reach  beyond  the  line  of  timber  in  the  foreground;  usually  all  the  water 
is  absorbed  by  the  porous,  alluvial  slopes. 
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Mt.  Charleston,   near  Las  Vegas,  Nevada.     Elevation,  11,910  feet.     Snow 
capped  mountains  furnish  the  water  supply  for  the  irrigated  valleys. 
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The  more  open  and  porous  is  the  soil  cover,  the  easier  it  is  for  water 
to  pass  through  to  the  underlying  strata  beyond  the  reach  of  the  plant 
roots.  Likewise,  the  thinner  the  soil  cover  the  less  water  is  required  to 
satisfy  its  moisture-holding  capacity,  and  the  greater  is  the  part  of  the 
total  precipitation  available  for  deep  percolation.  In  some  cases,  how- 
ever, the  top  layer  of  soil,  while  very  shallow,  is  so  impervious  that 
little  water  can  pass  through  and  the  surface  run-off  is  then  very  large. 
This  is  true  of  some  areas  in  southern  Nevada  where  the  rather  violent 
summer  showers  are  largely  lost  in  surface  run-off. 

The  quantity  of  the  growth  of  the  native  vegetation  depends  pri- 
marily upon  the  moisture  supply,  which  in  its  turn  depends  upon  the 
total  amount  and  distribution  of  the  rainfall  and  the  depth  of  the  soil 
and  its  capacity  for  holding  moisture.  If  all  the  surface  of  the  ground 
in  Nevada  were  covered  with  a  soil  of  sufficient  depth  and  moisture- 
holding  capacity  to  absorb  and  hold  all  the  water  that  falls  upon  it, 
there  would  be  few  spots  where  the  growth  of  the  native  vegetation 
possible  under  those 
conditions  would  not 
use  up  practically  all 
the  average  annual 
precipitation,  leav- 
ing little  for  deep 
percolation  and 
underground  s  t  o  r- 
age.  However,  the 
50  to  60  per  cent  of 
the  land  surface 
which  is  composed 
of  precipitous,  nearly 
barren  mountains 
and  steep,  gravelly, 
alluvial  slopes  can- 
not hold  the  water 
that  falls  on  it  and 
a  considerable  part 
passes  downward  through  the  loose  surface  and  escapes  to  the  lower 
lands  to  accumulate  there  as  ground  water.  Since  rainfall  increases 
rapidly  with  an  increase  in  elevation,  the  largest  quantity  of  water 
falls  on  the  area  of  land  that  is  least  able  to  retain  the  moisture. 

A  considerable  part  of  the  summer  precipitation  occurs  in  the  form 
of.  rather  heavy  downpours  and  thunder  storms  in  which  the  amount  of 
water  lost  from  the  steep  mountain  slopes  is  very  great.  Even  the 
winter  snows  melt  rather  rapidly  in  the  spring  and  the  run-off  is 
large.  Under  these  conditions,  full  opportunity  for  the  soil  to  absorb 
and  hold  the  rainfall  and  for  the  native  vegetation  to  use  it  is  not  given 
and  the  surplus  water  flows  down  to  the  lower  slopes  and  to  valley 
floors.  It  is  this  concentration  of  the  total  rainfall  in  comparatively 
small  areas  that  makes  possible  a  relatively  large  amount  of  under- 
ground storage  in  a  region  of  extremely  scanty  precipitation.  The 
probability  of  concentration  of  the  ground  waters  from  a  large  terri- 
tory into  a  small  area  is  a  factor  that  cannot  be  overlooked  in  estimat- 
ing' the  water  supply  of  any  locality.     Other  factors  are  the  area  of 


Tlie  Long,  Dry,  araveUy  Alluvial  Slopes  Border  the 
High  MounUins.  These  slopes  absorb  practicaUy 
aU  the  direct  precipitation  and  a  great  deal  of  the 
run-off  from  the  mountains.  A  scene  near  Johnnie, 
Nevada. 
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the  drainage  or  catchment  basin  and  the  ratio  of  high  mountain  surfaee 
to  valley  area. 

Underground  waters  may  be  compared  to  aboveground  waters  in 
practically  all  respects.  They  are  nearly  always  in  motion;  and, 
though  the  rate  of  flow  is  much  slower  than  that  of  the  surface  waters, 
it  is  none  the  less  certain.  Occasionally  these  waters  move  as  wide 
sheets  of  slowly  percolating  moisture  but  more  often  the  flow  follows 
rather  well-defined  channels.  These  channels  are  sometimes  closely 
associated  with  the  surface  stream  or  dry- wash  channels ;  but  in  val- 
leys with  deep  sediments  or  where  the  strata  have  been  much  dis- 
turbed, the  underground  channels  may  have  no  traceable  relationship 
to  the  surface  streams.  The  underground  flows  are  often  checked  bv 
dykes  or  other  obstructions,  thus  forming  subterranean  reservoirs  or 
lakes.  These  reservoirs  are  found  especially  along  the  margins  of  dry 
lakes  where  the  waters  are  forced  to  the  surface  by  the  increased  den- 
sity of  the  sediments  toward  the  centers  of  the  valleys.  Evidence  of 
these  reservoirs  is  seen  in  springs,  seeps,  damp  ground,  or  a  heavier 
growth  of  native  vegetation  than  is  usually  found  in  the  region. 

To  maintain  a  constant  supply  of  water  in  the  underground  streams 
and  reservoirs  the  amount  of  water  flowing  into  them  must  equal  the 
amount  flowing  out,  since  every  such  subterranean  stream  or  lake  has 
an  outlet.  This  outlet  may  be  in  the  form  of  springs  or  flowing  wells, 
seepages,  wet  land,  or  marshes  that  are  visible,  or  may  sometimes  occur 
as  seepages  into  streams  or  as  springs  so  far  removed  from  their 
sources  that  the  connection  can  scarcely  be  traced.  Where  such  surface 
indications  are  not  seen,  the  outlet  may  be  through  crevices  in  the 
underlying  rocks  of  the  valley  into  areas  of  lower  elevation.  In  any 
case,  whether  apparent  or  hidden,  the  outlet  must  be  present.  Devel- 
opment by  artesian  wells  or  pumping  wells  consists  of  diverting  the 
flow  from  the  original  or  natural  outlet  into  another  which  offers  less 
resistance  to  the  flow  of  water.  Pumping  is  equivalent  to  providing 
a  new  and  lower  outlet  with  a  consequent  freer  flow  of  the  water  to  the 
pump  than  to  the  usual  outlet. 

In  the  case  of  a  reservoir  above  ground,  if  more  water  is  withdrawn 
than  is  replaced  by  inflow  the  reservoir  will  go  dry,  and  the  process 
will  be  visible  and  apparent.  With  underground  waters  a  failing 
supply  is  made  evident  by  a  falling  water  table,  or  a  lessening  flow 
in  the  case  of  springs  and  artesian  wells.  Moreover,  it  should  be 
remembered  that  the  sources  of  supply  of  underground  water  are  sub- 
ject to  the  same  seasonal  and  periodic  variations  in  precipitation  as  the 
surface  waters  and  tend  to  vary  in  the  same  manner,  though  the 
changes  are  less  abrupt. 

INDICATORS  OF  UKDEBGBOXJND  WATERS 

When  any  considerable  amount  of  underground  water  exists  in  any 
particular  place  there  is  always  some  visible  evidence  of  its  existence. 
In  the  case  of  a  sheet  or  underground  reservoir,  if  it  is  close  enough 
to  the  surface  to  be  tapped  and  pumped  its  presence  will  be  indicated 
by  the  growth  and  the  character  of  the  native  vegetation. 

Salt  grass  and  alkali  crusts  on  the  surface  indicate  a  high  water 


Digitized  by 


Google 


Development  of  Ground  Water  in  Nevada  13 

table,  usually  within  a  few  feet  of  the  surface.  Babbit  brush,  the  false 
goldenrod,  grows  where  the  water  is  down  a  few  feet  below  the  surface, 
but  still  quite  close.  Greasewood  indicates  a  high  water  table,  but 
grows  over  a  wider  range  than  the  other  plants  mentioned.  The  author 
has  seen  greasewood  growing  on  alkali  flats  where  the  water  table  varied 
from  a  few  inches  below  the  surface  after  storms  to  ten  to  twelve  feet 
during  the  dry  period.  Mesquite  often  indicates  a  seepage,  though 
many  times  it  merely  shows  an  area  of  deeper  soil  where  sufficient 
surface  waters  are  collected  and  absorbed  to  support  a  growth  of  shrubs 
or  trees.  An  estimate  of  the  probable  quantity  of  underground  flow 
can  be  made  from  the  area  covered  by  the  growth  of  the  indicator  plants 
just  described;  an  extensive  area  indicating  a  strong  underflow,  a 
small  area  indicating  a  light  underflow.  In  making  this  estimate  the 
average  temperature  of  the  region  must  be  considered,  as  well  as  the 
area  from  which  evaporation  is  taking  place. 

Springs  and  water  mounds  that  occur  in  the  axes  of  the  valleys  or 
near  the  valley  floors  are,  aside  from  the  visible  flows,  good  indicators 
of  ground  water  at  a  shallow  depth.  Their  presence  near  the  valley 
floors  means  that  the  reservoirs  under  these  valleys  are  filled  and  some 
of  the  water  is  escaping  through  the  springs.  The  absence  of  springs 
does  not  always  mean  that  ground  water  is  not  present  at  shallow 
depths,  but  does  mean  either  that  the  inflow  into  the  reservoir  is  ail 
used  by  evaporation  from  the  ground  surface  and  by  transpiration  from 
growing  plants  or  else  that  there  is  an  underground  outlet  through 
which  the  surplus  waters  are  escaping.  Under  these  conditions  the 
water  table  or  zone  of  entire  saturation  of  the  ground  strata  does  not 
reach  the  surface.  The  complete  absence  of  springs,  wet  lands,  and 
water-indicating  plants  can  usually  be  taken  as  proof  that  the  water 
table  at  that  particular  place  is  quite  low,  probably  below  50  feet,  since 
the  larger  greasewood  sends  its  roots  down  nearly  that  distance  in 
search  of  water.  However,  there  are  cases  of  playas  and  dry  lakes 
where  the  conditions  of  intermittent  flooding  and  drying  are  so  severe 
that  plants  cannot  become  established,  and  yet  a  water  table  may  exist 
at  reasonably  shallow  depths.  In  this  case  there  is  most  surely  an 
underground  outlet  through  which  the  surplus  waters  are  escaping.  A 
well  in  such  a  location  may  yield  a  good  supply  of  water  in  spite  of  the 
absence  of  the  usual  indications. 

ABTESIAK  WATEB 

Aside  from  the  artesian  water  that  has  sufficient  pressure  or 
hydraulic  head  to  cause  it  to  rise  to  the  surface  and  flow,  the  presence 
of  artesian  pressure  is  a  vital  factor  in  successful  pumping  from  wells 
in  many  localities  in  Nevada.  Artesian  pressure  causes  the  water  to 
rise  in  a  well  from  the  depth  at  which  it  is  encountered  to  various 
heights,  depending  on  the  amount  of  hydrostatic  pressure  present.  In 
many  cases  where  the  water  fails  to  come  to  the  surface  and  flow,  it 
still  rises  close  enough  to  the  surface  to  come  within  reach  of  a  pump. 

Several  conditions  are  necessary  for  the  creation  of  an  artesian 
water  supply.  The  water  must  have  a  relatively  free  entrance  into 
the  underground  strata  at  a  comparatively  high  elevation  above  the 
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valley  floor,  and  the  strata  must  be  continuous,  and  open  and  porous 
enough  to  carry  the  stream  without  too  great  resistance.  The  first  con- 
dition is  found  in  ideal  form  at  the  foot  of  the  steep  mountain  slopes 
where  the  streams  emerge  from  the  canyons  upon  the  upper  reaches  of 
the  stream-built  fans.  Here  the  material  is  nearly  always  of  a  gravelly 
nature,  loose  and  porous,  and  able  to  absorb  water  freely.  This  is 
shown  by  the  promptness  with  which  many  of  our  mountain  streams, 
especially  in  the  more  arid  sections  of  the  State,  disappear  after  reach- 
ing the  tops  of  the  alluvial  fans.  Also  the  material  composing  the 
fans  is  usually  open  enough  to  permit  the  passage  of  the  water  to  its 
lower  reaches.  The  second  condition  retjuired  for  the  creation  of  an 
artesian  head  is  the  presence  of  some  obstruction  to  the  free  flow  of 
the  water  through  its  underground  channel. 

In  many  of  our  enclosed  valleys  this  obstruction  results  from  the 
flattening  of  the  grade  of  the  fans  as  the  distance  from  the  mountains 
increases  and  the  axis  of  the  valley  is  approached.    Since  the  fans  are 

alluvial  or  water 
laid  and  are  com- 
posed  of  material 
washed  into  the  val- 
leys by  the  mountain 
streams,  .the  parti- 
cles of  material  car- 
ried along  by  the 
water  naturally 
become  progressively 
smaller  as  the 
streams  approach 
the  flatter  portions 
of  the  fan.  Near 
the  extreme  ends  of 
the  fans  the  mate- 
rials consist  of  only 
the  finer  particles 
of  soil.  Hence  the 
material  in  the  lower 
parts  of  the  fans  is  finer  grained  and  offers  more  resistance  to  the  pas- 
sage of  water. 

This  tends  to  check  the  flow  of  the  underground  water  and  to  cause 
it  to  rise.  If  there  is  nothing  present  to  check  the  upward  rise  of  the 
waters  as  the  grade  flattens  and  the  porosity  decreases  the  water  will 
reappear  at  the  surface  as  seeps  and  springs  or  marshy  land  with  little 
pressure  on  the  water,  usually  near  the  center  of  the  valley.  However, 
if  an  obstruction  exists  to  prevent  the  free  rise  of  the  water  w^hen  it 
meets  with  resistance  in  its  downward  movement,  the  water  will  fill 
the  understrata  and  rise  until  the  pressure  accumulated  is  sufficient  to 
overcome  the  resistance  to  its  upward  movement.  In  the  greater 
number  of  cases  the  obstruction  is  a  layer  of  heavier  and  more  imper- 
vious material  which  has  been  laid  down  over  the  coarser  substance 
composing  the  fans.  Such  deposits  could  be  formed  only  under  water, 
hence  only  those  of  our  interior  valleys  that  once  contained  lakes  now 
have  artesian  water. 


Two  Flowing  Wells  in  the  Pahnimp  Valley.  Artesian 
water  often  offers  some  puzzles.  These  two  weUs 
are  each  375  feet  deep,  eight  feet  apart.  They  flow 
as  is  shown  in  the  illustration. 
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The  obstructing  or  impounding  materials  are  variously  efficient, 
according  to  the  depth  and  composition  of  the  layers,  in  preventing 
the  rise  of  the  ground  waters.  If  the  strata  are  thick,  very  imper- 
vious, and  continuous  there  will  be  little  leakage  through  them,  and  a 
comparatively  large  part  of  the  inflow  will  be  forced  to  the  surface. 
If  the  inflow  is  large,  the  artesian  pressure  will  be  correspondingly 
high.  On  the  other  hand,  if  the  impounding  strata  are  weak  and 
pervious,  the  pressure  will  be  less.  In  any  case  the  hydrostatic  or 
artesian  pressure  will  continue  to  increase  until  the  resistance  to  the 
outflow  of  the  incoming  waters  is  overcome  and  a  balance  between  the 
input  and  the  output  is  struck.  Under  perfect  artesian  conditions  it 
is  possible  for  a  very  small  stream  to  build  up  an  immense  artesian 
pressure. 

There  are  several  other  conditions  that  operate  to  check  the  flow  of 
water  in  the  underground  channels  and  to  cause  an  artesian  pressure 
to  be  built  up.  The  water-bearing  strata  may  pass  under  the  valley 
floor  and  rise  on  the  opposite  side,  intrusive  dykes  may  cut  the  water 
streams,  a  bend  or  twist  in  the  gravel  beds  may  act  as  an  obstruction, 
and  occasionally  a  slip  or  fault  may  elevate  the  water  bearing  beds 
until  they  come  opposite  impervious  strata  so  that  the  flow  is  checked. 
Usually  the  obstructions  do  not  form  perfect  dams  to  the  underground 
streams,  and  the  flows,  instead  of  being  entirely  checked,  are  merely 
impeded  and  part  of  the  water  continues  to  escape  through  the  deep 
channels.  The  bedrock  under  the  valleys  is  not  ordinarily  entirely 
water-tight  and  some  of  the  water  escapes  by  deep  percolation  through 
seams  and  crevices  in  the  bedding  material. 

Since  some  losses  are  inevitable  under  artesian  conditions  it  follows 
that  only  a  part  of  the  total  supply  of  underground  water  can  be 
recovered  through  flowing  wells.  If  more  wells  are  drilled  than  can  be 
supplied  by  the  recoverable  part  of  the  water,  then  all  the  wells  in  the 
district  will  decrease  in  yield.  Hence,  if  it  is  desired  to  retain  flowing 
weUs  in  an  artesian  district,  it  must  not  be  overdeveloped.  A  close 
check  should  be  kept  on  the  yield  of  the  wells  in  the  district  and  when 
a  distinct  reduction  in  flow  is  noted  further  drilling  should  cease. 
Moreover,  the  water  should  never  be  wasted;  for  such  waste  merely 
depletes  the  supply  without  benefit.  It  should  be  compulsory  to  close 
the  wells  when  not  in  use,  and  the  proper  casing  should  be  installed 
to  insure  tight  wells  whose  flow  can  be  shut  off  when  it  is  not  being 
used  in  irrigation. 

Pumping  from  an  artesian  supply  is  entirely  feasible  and  serves  a 
double  purpose.  More  water  can  be  secured  from  the  wells,  and  the 
head  or  pressure  on  the  artesian  water  within  the  limits  of  the  influence 
of  the  wells  is  lowered  by  the  depth  to  which  the  pumps  drop  the 
water  in  the  wells.  This  lessened  pressure  means  reduced  losses  of 
water  through  the  natural  outlets  and  a  consequent  greater  available 
supply  in  the  district. 

Some  precautions  should  be  observed  in  pumping  from  artesian 
wells.  If  the  formation  is  soft  and  inclined  to  cave,  the  casing  should 
reach  very  nearly  to  the  bottom  of  the  well,  leaving  only  the  last  flow 
free  to  enter  the  open  bottom  of  the  casing.  In  case  other  flows  are  cut 
off  by  the  casing  it  can  be  perforated  to  admit  these  after  being  set  in 
position.    In  hard  formations  it  may  not  be  necessary  to  use  much  casing. 
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DBILLINa 

Before  deciding  to  put  down  a  well  a  thorough  study  should  be  made 
of  the  water  conditions,  the  extent  of  the  drainage  area  that  might  be 
contributory  to  the  proposed  well,  the  character  of  the  ground  through 
which  the  well  must  be  driven,  the  depth  to  the  water  table,  the  qualitj* 
of  the  water,  and  the  nature  of  the  soil  on  which  it  is  proposed  to  use 
the  water. 

The  last  is  a  primary  consideration,  particularly  so  because  much 
of  the  soil  in  the  valleys  where  the  water  is  close  to  the  surface  con- 
tains such  large  quantities  of  alkali  as  to  render  it  unfit  for  agricultural 
purposes.  For  those  areas  covered  by  the  reports  of  the  U.  S.  Geo- 
logical Survey  in  the  Water  Supply  Papers  very  complete  information 
on  all  these  factors  can  be  found  and  these  papers  should  be  con- 
sulted by  parties  interested  in  well  development  work.  A  list  of  the 
Water  Supply  Papers  that  cover  parts  of  the  State  of  Nevada  will  be 


A  New  Farm,  the  Beginning.    The  first  step  in  conquering  the  desert  is  tht 
development  of  an  adequate  supply  of  water. 

found  at  the  end  of  this  bulletin.  Certain  areas  in  the  same  region 
have  been  mapped  by  the  U.  S.  Bureau  of  Soils.  In  the  Soil  Reports 
detailed  information  is  given  regarding  the  soils,  their  nature,  alkali 
content,  and  their  suitability  for  various  crops. 

The  quality  of  the  water  for  irrigation  or  domestic  use  is  of  such 
importance  that  it  deserves  special  consideration.  If  there  are  springs 
or  wells  in  the  vicinity  of  any  contemplated  development,  the  quality 
of  the  waters  from  these  sources  should  be  considered  because  they  are 
at  least  an  indication  of  what  may  be  expected.  However,  there  are 
often  wide  variations  in  the  quality  of  waters  from  different  springs 
and  wells  within  narrow  territorial  limits,  and  the  fact  that  good  water 
is  known  to  exist  within  a  district  should  not  be  taken  as  absolute  proof 
that  new  supplies  will  prove  equally  pure. 

It  sometimes  happens  that  little  or  nothing  can  be  done  to  determine 
the  quality  of  a  water  supply  before  drilling.    In  such  cases  the  water 
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should  be  analyzed  as  soon  as  possible  after  sinking  the  well  and  its 
fitness  for  use  determined  before  undertaking  any  additional  agricul- 
tural development. 

When,  after  due  consideration  of  all  the  factors  concerning  the  water 
supply,  the  location  for  a  well  has  been  determined,  the  next  question 
is  the  size  of  the  proposed  well  and  the  method  of  sinking.  If  the  water 
table  is  quite  close  to  the  surface  and  the  water-bearing  strata  are  also 
close,  it  may  be  feasible  and  economical  to  sink  a  shaft  or  pit.  Usually 
this  will  require  timbering  to  make  it  safe,  and  when  water  is  encoun- 
tered some  method  must  be  provided  to  handle  it  as  it  comes  into  the 
hole.  If  the  supply  is  at  all  ample,  a  pump  must  be  installed.  This  is 
always  somewhat  expensive  and  necessitates  an  estimate  of  the  quan- 
tity of  water  the  well  may  produce  when  finished  and  the  securing  of 
a  pump  to  handle  the  estimated  quantity.  If  the  pump  installed  is  of 
too  smaU  capacity  to  handle  all  the  water  it  will  be  diflScult  to  continue 
the  work  of  sinking  the^  shaft ;  and  if  a  pump  of  ample  capacity  is 
secured,  it  may  prove  larger  than  is  necessary  after  the  work  is  com- 
pleted. However,  in  case  the  estimates  happen  to  be  accurate  and  the 
pump  large  enough  to  handle  the  water  while  sinking  the  weU  and  not 
too  large  for  the  supply  after  the  work  is  completed,  it  may  be  that 
the  well  and  the  pump  can  stand  as  they  are  and  the  outfit  be  consid- 
ered complete  without  further  work.  This  happens  so  seldom  that  the 
method  cannot  be  recommended.  In  this  connection  it  must  be  remem- 
bered that  very  shallow  wells  quite  often  yield  much  more  water  when 
first  dug  than  they  will  when  pumped  continuously  for  a  considerable 
length  of  time ;  hence  the  pumping  equipment  that  is  necessary  during 
sinking  may  prove  more  than  ample  for  continuous  operation. 

Generally  it  wiU  prove  more  satisfactory  and  economical  to  use  a 
drilling  outfit  in  putting  down  wells.  If  the  territory  is  new  and  there 
are  no  weUs  to  serve  as  guides,  a  spudding  or  percussion  rig  with  solid 
tools  is  the  safest  to  start  with.  A  jet  rig  in  which  water  is  pumped 
through  iron  pipes  forming  the  drill  stem  to  outlets  just  back  of  the 
cutting  edge  of  the  bit  is  an  excellent  outfit  for  putting  down  small 
holes  in  exploratory  work.  The  water  returning  to  the  surface  out- 
side the  drill  stem  carries  the  material  loosened  by  the  bit,  so  but  little 
bailing  is  necessary.  Also,  the  mud  from  the  hole  itself  is  forced  into 
the  material  forming  the  sides  of  the  hole,  making  a  rather  effective 
plaster.  This  rig  wxQ  readily  handle  stiff  clays,  cemented  sands  and 
gravels  and  soft  rock  such  as  the  cemented  materials  and  limstones 
found  in  lake  beds ;  but  it  is  not  so  good  for  hard  rock  or  loose  gravel. 
It  is  not  difl&cult  to  convert  any  standard  percussion  rig  into  a  jet  rig 
and  the  attachment  is  extremely  valuable.  A  mud  scow,  which  is  a 
heavy  bailer  with  a  cutting  edge,  is  probably  the  best  tool  for  sinking 
large  holes  in  the  average  sedimentary  material  found  in  alluvial 
plains  and  lake  beds.  It  is  not  so  efficient  in  sinking  wells  of  the 
smaller  sizes.  The  rotary  type  of  drill  has  been  used  successfully  where 
deep  beds  of  clays  must  be  penetrated  and  the  water-bearing  beds  are 
widely  separated,  but  does  not  lend  itself  so  readily  to  pioneering  as  the 
other  types  of  drills.  It  is  most  successfully  used  with  the  very  large 
holes  such  as  the  oil  wells. 

The  cost  of  drilling  will  naturally  vary  with  the  distance  from  rail- 
roads and  highways;  but  at  the  present  time  (1927)  it  ranges  from  $1 
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to  $2  per  foot  for  the  first  200  feet  of  hole,  with  slight  increases  for 
each  100  feet  below  this  depth.  The  larger  the  hole  the  higher  the 
drilling  cost.  Casing  costs  from  around  fifty  cents  a  foot  for  4-mch 
standard  screw  casing  to  about  $1  a  foot  for  standard  8-inch  screw 
casing.  It  may  not  be  necessary  to  case  a  well  to  its  entire  depth ;  but  it 
will  usually  prove  best  to  have  enough  casing  on  hand  to  go  to  the 
bottom  of  the  hole  in  the  event  that  it  proves  necessary.  In  a  flowing 
well  or  artesian  area  screw- joint  casing  only  should  be  used,  because 
it  is  only  with  this  type  of  casing  that  an  absolutely  tight  well  can  be 
obtained.  For  pumping  wells  where  the  water  in  the  hole  does  not 
rise  above  the  ground  water  level  the  double  stovepipe  easing  is  satis- 
factory. It  is  a  convenient  form  of  casing,  for  the  short  lengths  lend 
themselves  readily  to  handling  by  hand,  but  they  cannot  be  driven  as 
much  as  the  screw  casing.  In  hard  formations  or  in  gravel  and  sand 
that  pack  around  the  casing  it  is  usually  necessary  to  use  jacks  to  force 
this  tjT)e  of  casing  down. 

PEBFOBATIKO   OB  SOBEEMINO 

In  any  well  of  even  moderate  depth  more  than  one  water-bearing 
stratum  or  bed  of  gravel  or  sand  will  usually  be  encountered.  "While 
drilling  is  in  progress,  an  exact  log  of  the  depth  at  which  each  water 
stratum  is  encountered  should  be  kept.  After  the  casing  has  been  set 
in  place  without  regard  to  the  water  beds,  it  should  be  perforated  at 
each  water-bearing  stratum  shown  in  the  log.  The  perforations  should 
be  numerous  enough  and  large  enough  to  admit  all  the  water  into  the 
casing  that  is  carried  by  each  water-bearing  bed.  In  this  respect  the 
stovepipe  casing  is  possibly  slightly  superior  to  the  screw  casing, 
perforating  a  little  more  readily.  Under  some  circiunstances  where 
suflScient  wells  have  been  sunk  to  give  fairly  exact  information  con- 
cerning the  depth  of  the  different  water-bearing  strata,  it  is  sometimes 
practical  to  use  factory  perforated  screen  casing.  This  casing  can 
be  obtained  with  a  very  large  percentage  of  opening,  which  insures  a 
free  passage  of  the  water  into  the  well  and  prevents  sealing  of  the 
screen  by  the  accumulation  of  gravel  and  fine  material  in  the  perfora- 
tions. It  has  the  disadvantage  of  weakness  and  does  not  stand  driving 
very  well.  Also  the  cost,  except  when  placed  according  to  accurate 
logs,  is  against  its  use. 

SIZE  OF   WELL 

In  prospecting  for  water  in  an  unknown  territory  the  size  of  the 
well  should  be  kept  as  small  as  it  is  practicable  to  sink.  The  cost  of 
sinking  a  4-inch  hole  is  not  great ;  and  yet,  when  properly  perforated, 
this  size  will  permit  the  entrance  of  water  freely  enough  to  give  a  fair 
indication  of  the  quantity  of  the  water  in  the  material  penetrated.  The 
cost  of  casing  and  drilling  is  lower,  and  the  chance  of  salvaging  the 
easing  in  case  of  failure  to  find  water  is  at  least  as  good  as  with  the 
larger  wells.  It  is  not  as  good  for  very  deep  holes,  because  the  oppor- 
tunity to  reduce  the  size  of  the  hole  in  the  event  that  the  casing  becomes 
stuck  is  naturally  much  poorer.  A  6-inch  hole  reduced  to  4  inches  after 
the  first  100  feet  offers  a  very  good  chance  for  both  drilling  and  test- 
ing, since  the  cost  is  comparatively  low  and  pumps  of  the  deep  well 
type  that  will  enter  a  casing  of  this  size  are  available  with  capacities 
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of  about  30  inches  of  water.  Another  good  combination  is  a  section  of 
8-inch  casing  from  the  surface  to  about  100  feet  with  reduction  to 
6-inch,  and  for  depths  below  500  feet  a  further  reduction  to  4  inches. 

This  system  of  drill- 
ing may  require  sev- 
eral lines  of  casing 
during  the  drilling, 
but  the  inside  lines 
are  readily  removed 
after  the  well  has 
been  completed.  A 
well  pump  that  goes 
inside  an  8-inch  cas- 
ing has  been  used  for 
testing  artesian  con- 
ditions in  southern 
Nevada,  and  has  been 
entirely  satisfactory. 
It  has  a  capacity  at 
normal  speeds  of 
about  1  second-foot,  but  by  overspeeding  has  been  made  to  yield  50% 
more  than  this  amount. 

Such  small  wells  as  those  described  above  could  not  be  expected  to 
be  successful  unless  the  water  entered  under  considerable  artesian 
pressure  and  issued  from  material  of  sufficiently  coarse  texture  to 
permit  a  free  flow.  Where  the  water-bearing  beds  are  of  fine  mate- 
rial that  yields  up 
its  water  slowly, 
wells  of  larger 
diameter  are 
required  to  give 
the  necessary  area 
for  the  entrance 
of  the  water. 
However,  in  many 
areas  in  Nevada 
where  develop- 
ment by  pumping 
may  be  expected 
to  be  successful 
the  conditions  for 
good  yields  from 
wells  of  small 
diameter  are  pres- 
ent; that  is,  the 
water-bearing 
beds  are  rela- 
tively coarse,  and 


A  Successful  Pump  Test.  The  picture  at  the  top  of 
the  page  shows  the  natural  flow  of  the  well,  whUe 
the  lower  one  shows  the  flow  that  was  developed 
with  a  50  foot  drawdown. 

the  water  exists  under  a  considerable   pressure. 


WELL  TESTING 

After  a  well  has  been  dug  or  drilled  it  should  be  tested  by  pumping 
for  a  sufficient  length  of  time  to  determine  rather  accurately  the  yield 
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of  the  well,  the  drawdown  when  pumping,  and  the  time  taken  for  the 
well  to  recover  after  pumping  ceases.  From  this  information  it  is 
possible  to  tell  whether  or  not  the  well  produces  enough  water  within 
reasonable  drawdown  limits  to  be  worth  developing.  In  starting  the 
test  of  a  drilled  well  the  pump  should  be  run  at  slow  speed  until  the 
water  begins  to  clear  up.  The  speed  should  then  be  increased  until 
the  water  again  becomes  muddy,  and  run  at  this  speed  until  the  well 
clears  again.  This  process  should  be  repeated  until  the  maximum  capa- 
city of  the  pump  or  well  is  reached.  It  often  helps  in  clearing  the  mud 
and  sand  ifrom  a  well  to  run  the  pump  at  full  capacity  until  the  draw- 
down is  at  the  maximum  and  then  suddenly  stop  the  pump,  allowing 
the  water  in  the  pump  and  pipe  to  drop  into  the  well.    This  causes  a 

surging  action  that  loosens  the  fine 
materials  near  the  casing  and  causes 
them  to  drop  into  the  well  This 
process  is  repeated  several  times  or 
until  it  no  longer  causes  the  well  to 
become  muddy.  This  leads  to  the 
development  of  small  channels  which 
bring  water  to  the  well ;  and  it  may 
increase  the  capacity  of  the  well 
materially. 

The  information  secured  from  the 
pump  test  likewise  affords  a  means 
of  selecting  the  proper  type  and 
size  of  pump  for  the  well  in  ques- 
tion. If  the  owner  is  in  doubt  after 
the  test  has  been  made  as  to  the 
pump  that  will  be  required,  the  test 
data  can  be  submitted  to  any  reli- 
able pump  manufacturing  company, 
and  expert  advice  obtained  concern- 
ing the  type  and  capacity  of  pump 
required.  It  seems  scarcely  needful 
to  state  that  the  pumping  equip- 
ment should  not  be  purchased  before 
a  thorough  test  of  the  well  has  been 
made.  Too  large  a  pump  for  the 
supply  of  water  means  uneconom- 
ical operation,  while  too  small  an 
outfit  does  not  permit  using  the  source  of  the  water  supply  to  its  full 
capacity. 

In  cooperation  with  the  Division  of  Agricultural  Engineering,  U.  S. 
Bureau  of  Public  Roads,  the  Nevada  Agricultural  Experiment  Station 
has  made  a  large  number  of  pumping  tests  on  wells  as  a  part  of  the 
study  of  the  water  supply  of  the  Las  Vegas  Valley  in  southern  Nevada. 
The  results  of  some  of  these  tests  are  given  in  the  Table  No.  1.  Note 
that  in  some  cases  pumping  caused  an  increase  in  the  natural  or  arte- 
sian flow  while  in  others  it  did  not,  also  that  some  wells  developed,  or 
gave  progressive  increase,  while  pumping,  and  others  changed  very 
little  under  test.    The  table  follows : 


Pump  Test  That  Failed.  This 
wen  gave  but  very  little  more 
water  than  the  original  flow, 
even  when  pumped  to  a  depth  of 
70  feet. 
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TABLE  I 
WeU  Tests  in  the  Las  Vegas  VaUey 

well 

'          Natur 

al  flow- 
After- 
pumpiDR 
sec.  ft. 

Quantity  pumped 

Name  of 

Before 
'  pampiDR 
,     sec.  ft. 

BeRinnlDK 
of  test 
sec.  ft. 

Ending 
of  test 
sec.  ft. 

Draw- 
down 

J.  J.  Cannon 

Densmore 

Mark  Blake 

0.09 

0.08 

0.197 

0.26 
0.197 
0.20 
0.062 

0.96               1.07 
0.80               0:89 
0.66               0.66 
0.19                0.19 
0.46                0.46 
122                  122 

40' 
62' 
40' 

C.  M.Owens 

Ira  McFarland 

1            0.062 

20' 

70' 

J.  M.  Heaton 

1                  »6 

: 

16 

68' 

1  Gallons  per  minute. 

The  first  four  wells  in  the  table  gave  increases  that  were  great  enough 
to  justify  the  expense  involved  in  the  purchase  and  operation  of  the 


A  Good  Test  With  a  Centrifugal  Pump.  The  water  in  many  of  our  pumping 
districts  is  close  enough  to  the  surface  to  permit  the  use  of  centrifugal 
pumps  on  the  surface  of  the  ground. 

necessary  pumping  equipment.  The  last  two  failed  to  give  sufficient 
water  under  pumping  to  be  economical  producers.  Also,  the  first  two 
wells  evidently  developed  under  pumping,  showing  a  higher  flow  after 
the  test  than  before,  while  the  flow  of  others  failed  to  increase. 

The  next  table  shows  the  results  of  a  test  typical  of  those  carried  out 
on  these  wells.  The  well  on  which  this  test  was  made  had  just  been 
drilled  to  a  depth  of  352  feet.  The  water  rose  to  within  four  feet  of 
the  surface,  showing  considerable  artesian  pressure,  but  it  was  not 
quite  a  flowing  well.  It  was  cased  with  8-inch  screw  casing  for  the  first 
two  hundred  feet,  then  with  a  short  section  of  6-inch,  and  was  finished 
with  4-inch  casing  to  the  bottom.  After  clearing  out  the  sand  by  pump- 
ing slowly  for  a  time,  then  increasing  the  speed  of  the  pump,  and 
finally  through  surging,  as  described  above,  until  the  water  came  clear, 
a  24-hour  test  was  made.    In  this  test  the  pump  was  run  at  a  speed 
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that  gave  a  drawdown  of  about  33  feet  and  a  discharge  of  approxi- 
mately one  second  foot.  The  discharge  was  maintained  at  this  rate 
very  steadily  with  no  drop  in  the  drawdown,  indicating  an  adequate 
quantity  of  water  in  the  formation  supplying  the  well.  After  the 
completion  of  the  24-hour  run  the  following  test  was  made : 


TABLE  2 

Pump  Test  of  Kidder  WeU 

T 

Date                                           ' 

Draw- 

Quantity ol 

water 

Lenirth 

down    - 

— 



o(run 

Sec.  ft. 

Inches 

9-17-18   

33 
10 
15  , 

! 
0.99 
0.34 
0.56 

39.6 
13.6 
22.4 

24boun 

9-18-18 

10  minutes 

10  minotes 

1 

20 

0.62 

24.8 

15  minatcs 

25  , 

0.76 

30.4 

ISminatcs 

30  , 

0.88 

36.2 

20  minutes 

34 

0.96 

38.4 

30  minutes 

40 

1.13 

45.2 

30  minutes 

46  1 

1.28 

492 

30  minutes 

50  1 

1.82 

62.8 

40  minutes 

i 

55 

1.47  , 

68.8 

40  minutes 

The  information  furnished  by  this  test  enabled  the  owner  of  this 
well  to  choose  a  pump  of  the  type  and  capacity  required  for  the 
quantity  of  water  needed.  The  pump  selected  was  a  3-inch  hori- 
zontal centrifugal.  This  was  set  on  a  level  with  the  top  of  the  easing 
and  gave  a  discharge  of  0.68  second  feet  or  25.2  inches,  indicating  a 
drawdown  of  a  little  over  20  feet.  It  would  be  possible  to  develop 
more  with  this  pump  by  placing  it  in  a  pit  just  above  the  water  leveL 
but  for  larger  amounts  and  greater  drawdown  a  deep  well  type  of 
pump  would  probably  prove  more  satisfactory. 

Plunger  Pump.  The  plunger  type  of  pump  has  been  in  use  for  many 
years.  It  is  efficient,  being  especially  adapted  to  use  with  windmills, 
steam  or  gas  engines.  This  type  of  pump  finds  its  greatest  use  in  ele- 
vating comparatively  small  quantities  of  water  from  wells  of  small 
diameter,  especially  when  the  water  must  be  lifted  a  considerable  dis- 
tance. For  lower  lifts  and  larger  quantities  they  are  not  as  cheap  to 
install  as  other  types. 

Centrifugal — Horizontal  and  Vertical.  With  the  development  of 
the  gasoline  engine  there  came  a  demand  for  a  type  of  pump  that  conld 
be  operated  readily  with  this  source  of  power.  As  a  r€«idt  of  this 
demand  the  centrifugal  pump  came  into  general  use.  This  pump  is 
very  efficient  and  has  a  long  life.  It  is  belted  directly  to  a  gasoline 
engine  or  electric  motor,  is  very  light  and  easily  installed  for  the 
quantity  of  water  lifted,  easily  repaired,  and  cheap.  These  qualities 
have  made  it  the  favorite  type  of  pump  for  lifting  water  wherever  con- 
ditions permit  its  use.  It  is  especially  well  adapted  for  use  with  elec- 
tric power  in  that  the  pump  and  the  motor  can  be  directly  connected, 
doing  away  with  the  necessity  of  belting.  The  extension  of  electric 
lines  into  the  farming  communities  has  already  greatly  increased  the 
use  and  the  popularity  of  this  pump. 

The  centrifugal  pump  is  made  in  either  the  horizontal  or  the  vertical 
form  and  in  a  great  variety  of  sizes  and  designs  to  meet  almost  any 
possible  conditions  under  which  water  is  to  be  lifted.     The  larger 
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pumps  will  lift  water  in  single  stages  as  high  as  125  feet.  The  inability 
of  the  centrifugal  pump  to  operate  with  a  drawdown  of  more  than  20 
feet  is  not  important  where  conditions  permit  placing  the  pump  within 
this  distance  above  the  level  of  the  water  supply  and  the  water  level 
does  not  vary  greatly.  If  the  fluctuation  in  the  water  level  be  greater 
than  20  feet  the  operation  of  the  horizontal  centrifugal  pump  may  be 
seriously  interfered  with. 

Under  such  conditions  the  vertical  type  centrifugal  may  be  used  to 
advantage  since  with  this  type  of  pump  the  shaft  can  be  extended  to 
bring  the  belt  pulley  or  motor  above  the  water  level,  the  pump  itself 
opereLting  under  or  above  the  water.  The  vertical  centrifugal  drive 
shaft  must  be  supported  by  bearings  spaced  about  six  feet  apart  from 
the  surface  down  to  the  pump.  This  adds  to  the  expense  of  installing 
the  pump,  and  when  the  pit  is  excessively  deep  the  bearings  are  oiled 
with  difficulty. 

In  order  to  bring  the  level  of  the  water  supply  within  the  suction 


Horizontal  Type  of  Centrifugal  Pump  Direct-Connected  to  Electric  Motor. 
Courtesy  of  Byron  Jackson  Pump  Co. 

limit  of  the  pump  it  is  very  often  necessary  to  install  the  pump  in  a 
pit.  This  is  no  great  obstacle  so  long  as  the  pit  is  relatively  shallow  but 
it  becomes  increasingly  serious  with  the  increase  in  the  depth  of  the 
pit.  This  is  especially  true  if  the  pump  must  be  located  below  the 
level  of  the  ground  water,  in  which  case  a  water-tight  compartment  to 
contain  the  pump  must  be  built,  or  else  the  vertical  type  of  pump  must 
be  used. 

Screw  Pump.  The  efl&ciency  of  the  centrifugal  pump  is  highest 
when  pumping  against  heads  greater  than  10  feet,  the  loss  of  efficiency 
being  very  rapid  below  this  head.  A  new  type  of  pump  known  as  the 
screw  pump  has  been  designed  to  meet  the  need  for  a  pump  that  will 
operate  efficiently  at  the  very  low  heads.  This  pump  has  a  very  high 
efficiency  on  heads  from  2  to  10  feet,  and  where  large  quantities  of 
water  are  to  be  handled  at  these  heads,  it  replaces  the  centrifugal 
pump. 
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Deep  Well  Turbine.    Courtesj  Byron  Jackson  Pomp  Go. 
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Deep  Well  Turbine.  In  some  districts,  although  the  depth  to  the 
water  table  is  relatively  great,  the  conditions  of  soil,  climate,  and 
markets  will  permit  the  lifting  of  water  for  irrigation  purposes  at  a 
very  high  cost.  Under  these  conditions  none  of  the  pumps  described 
may  quite  meet  the  need.  To  reach  the  water  at  considerable  depths, 
wells  of  small  diameters  from  4  to  18  inches  are  drilled.  These  wells 
are  too  small  to  allow  the  ordinary  centrifugal  pump  to  be  placed 
within  the  casing.  The  depth  to  the  water  is  so  great  that  the  cost  of 
digging  a  pit  to  install  the  pump  becomes  excessive.  Quite  often  the 
lowering  of  the  water  table  after  a  few  seasons'  pumping  makes  it 
necessary  to  lower  the  pump,  which  in  the  case  of  a  pump  in  a  pit  may 
involve  a  considerable  expense.  To  meet  these  conditions  a  number  of 
very  efficient  deep  well  pumps  have  been  placed  on  the  market. 

These  pumps  are  made  in  capacities  from  about  300  miners'  inches 
to  many  hundreds  of  inches,  and  in  sizes  from  those  that  will  enter  an 
eight-inch  easing  to  those  that  require  casing  of  18  inches  or  larger. 
These  pumps  are  readily  installed,  and  since  the  power  is  applied  at 
the  surface,  no  pits  are  required.  The  first  cost  of  a  pump  of  this 
type  is  greater  than  that  of  a  centrifugal  pump  of  the  same  capacity, 
but  in  ease  of  installation  they  are  much  ahead,  so  that  the  cost  of  a 
completed  plant  under  conditions  that  make  this  pump  advisable  may 
be  considerably  less  than  for  the  centrifugal  pump.  In  the  case  of  a 
falling:  water  table  it  is  quite  easy  to  add  additional  sections  of  pump 
to  reach  the  water  at  its  lower  level.  In  the  amount  of  care  and  atten- 
tion required  during  operation  this  pump  compares  very  favorably 
with  the  centrifugal  pump.  In  efficiency  it  is  almost  on  a  par  with  the 
centrifugal.  It  can  be  belted  to  any  suitable  source  of  power  and  is 
particularly  well  fitted  for  operation  with  a  direct-connected  motor. 
For  ease  in  handling  and  setting  up,  the  pump  is  made  in  sections 
from  six  to  twelve  feet  long.  In  the  matter  of  upkeep,  the  items  of 
depreciation  and  repair  are  possibly  slightly  greater  than  for  the 
centrifugal  pump. 

The  depth  from  which  the  deep  well  pump  will  lift  water  depends 
on  the  length  of  the  pump  and  the  amount  of  power  expended,  the 
ordinary  range  lying  between  40  and  200  feet. 

The  illustration  shows  a  pump  of  this  type  in  operation.  In  this 
case  the  pump  is  belted  to  a  gasoline  engine.  Such  an  outfit,  consisting 
of  the  engine  and  pump  with  fifty  feet  of  pump  bowls  and  pipe  and 
20  feet  of  suction  pipe,  can  be  set  up  in  the  field,  ready  to  operate,  in 
about  five  hours  by  two  experienced  men. 

Air  Lift  Pumps.  The  air  lift  has  numerous  advantages  in  its  favor, 
but  its  efficiency  is  so  much  lower  than  that  of  other  types  of  pumps 
commonly  used  for  lifting  water  that  its  field  of  usefulness  is  decidedly 
Ihnited.  Its  chief  advantage  lies  in  the  absence  of  complicated  working 
parts  below  the  surface  of  the  ground.  The  air  lift  is  adapted  to 
lifting  water  from  considerable  depths.  It  is  easily  installed  and 
operates  well  with  a  fluctuating  water  table.  It  is  possible  to  install 
an  air  lift  in  a  casing  too  crooked  to  receive  a  deep  well  turbine.  It  is 
also  possible  to  operate  a  battery  of  air  lifts  on  a  series  of  wells,  from 
a  central  compressor  station. 
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Vertical  Section  of  Pumphouse  and  Pit  Showing  Electric  Control  and  Direct- 
Connected  Horizontal  Centrifugal  Pump.    Courtesy  Byron  Jackeon  Pump  Co. 
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The  absence  of  working  parts  below  the  surface  of  the  ground  makes 
the  air  lift  particularly  well  fitted  for  handling  *  water  containing 
excessive  quantities  of  silt  and  sand,  and  it  is  used  extensively  in  clean- 
ing wells  and  fitting  new  wells  for  the  installation  of  other  types  of 
pumps. 

The  Siphon,  It  frequently  happens  that  springs  and  flowing  wells 
occur  along  the  rims  of  lake  terraces  and  fault  lines  at  considerable 
elevations  above  the  irrigable  lands.  If  the  slope  of  the  ground  from 
the  source  of  the  water  to  the  land  upon  which  the  water  is  to  be  used 
is  such  that  a  fall  of  from  18  to  25  feet  can  be  obtained  within  a  reason- 
able distance,  it  is  often  possible  and  economically  feasible  to  make  use 
of  siphons. 

The  siphon  may  be  compared  to  a  low  lift  suction  pump.  Theoreti- 
cally the  siphon  under  perfect  conditions  at  sea  level  should  have  a 
suction  or  pull  equivalent  to  atmospheric  pressure,  or  33  feet  at  14.7 
pounds  per  square  inch  of  air  pressure.  Under  actual  working  condi- 
tions at  elevations  of  2,500  feet  or  more,  the  lessened  air  pressure 
together  with  friction  losses  in  the  pipe  lines  serve  to  reduce  the 
efifeetive  suction  of  a  siphon  to  from  16  to  20  feet.  Within  these  limits, 
however,  the  siphon  is  just  as  effective  as  a  pump  and  serves  the  same 
purpose.  To  secure  an  effective  siphon  the  discharge  pipe  should  be 
as  short  as  possible,  and  to  reduce  friction  losses  this  line  should  be 
slightly  larger  than  is  necessary  to  carry  the  volume  of  water  flowing 
through  it.  To  maintain  the  suction  of  the  siphon  it  is  necessary  to 
reduce  the  discharge  end  of  the  pipe  line  until  the  flow  of  water  will 
completely  fill  the  throttled  end.  It  may  further  assist  if  the  dis- 
charge end  of  the  siphon  is  carried  down  below  a  permanent  water 
leveL 

Priming  a  siphon  is  essentially  the  same  process  as  priming  a  cen- 
trifugal pump.  There  should  be  a  gate  valve  near  the  discharge  end 
of  the  pipe  line  and  an  air  valve  at  the  highest  point  in  the  line.  When 
installed  in  a  spring  or  flowing  well  the  pipe  line  should  be  so  arranged 
that  the  natural  flow  is  discharged  through  the  siphon,  in  which  case 
the  priming  is  very  conveniently  done  by  closing  the  discharge  gate 
valve,  opening  the  air  valve  and  allowing  the  natural  flow  to  fill  the 
pipe  lines.  Then  the  air  valve  is  closed  and  the  siphon  is  ready  to 
operate  upon  the  opening  of  the  discharge  gate  valve.  When  the 
natural  flow  cannot  be  passed  through  the  pipe  lines  the  procedure  is 
essentially  the  same  except  that  a  small  hand  pump  is  placed  upon  the 
air  valve  and  the  air  exhausted  from  the  pipe  lines  by  pumping.  The 
water  will  flow  into  the  lines  from  the  source  of  supply  as  fast  as  the 
air  is  exhausted  so  that  when  the  air  is  all  pumped  out  the  pipe  lines 
are  full  of  water  and  the  siphon  is  ready  to  operate.  Siphons  require 
frequent  priming. 

SELECTION   OF    PX7MP 

The  selection  of  the  type  of  pump  must  be  based  upon  a  study  of 
the  entire  set  of  conditions  under  which  the  pump  must  operate.  The 
size  will  depend  on  the  quantity  of  water  which  is  to  be  lifted ;  or,  in 
the  case  of  a  limited  supply,  upon  the  quantity  available.  In  the  latter 
case  it  is  usually  advisable  to  make  a  preliminary  test  of  the  available 
supply  and  secure  a  pump  adequate  to  handle  it. 
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FUMP  CAPACITIES 

The  following  table  shows  the  average  capacity  of  various  sizes  of 
centrifugal  pumps,  together  with  their  efficiencies  and  the  horsepower 
per  foot  of  lift  required  to  operate  each  pump : 

TABLE  3 

Typical  Capacities  of  Centrifugal  Pumps  and  Horsepower  Bequired  for  Their 

Operation  Under  Average  Conditions.* 


No.  of 
centrifu- 
gal 
pump 


Dis- 
charge 

per 
minute 


t 


I  Theoret- 
ical 
horse- 
power 
per  foot 
of  lift 


.U.S.oaU. 
2    ,  100 


150 


800 
400 


0.026 
.038 
.066 
.076 
.100 


Effl- 
ciency 


Actual 
horse- 
power 
per  foot 
of  lift2 


0.06 


.11 
.14 
.17 


Theoret- 

No. of 

Dis- 

ical 

centrifu- 

charge 

horse- 

Effi- 

Ral 

minute 

power 

ciency 

pump 

per  foot 

of  lift 

U,S.gaU, 

Pnreent 

6 

700 

0.176 

62  to  66 

6 

900 

.226 

66  to  68 

7 

1.200 

.800 

68  to  70 

8 

1.600 

.400 

70  to  74 

. 





Actual 
horse- 
power 
per  foot 
oflift^ 


0.28 
.84 
.44 

.57 


'Above  efficiencies  are  for  pumps  properly  desiflrned  and  installed  for  heads  of  40  to  60  feet  Plsnt 
efficiencies  can  be  estimated  by  subtractinsr  10  per  cent  for  direct-connected  electric  motors  and  17  to 
22  per  cent  for  belt  connected  power. 

-Efficiencies  taken  as  the  lower  in  precedinsr  column. 

This  table  is  from  U.  S.  Department  of  Agriculture  Farmers  Bul- 
letin No.  1404,  ** Pumping  from  Weils  for  Irrigation." 

The  horsepower  required  to  lift  any  quantity  of  water  any  specified 
distance  may  be  obtained  from  the  following  formula : 


Horsepower = 


g.p.m.xh 
'4,000  xE 


Where  g.p.m.  =  gallons  pumped  per  minute. 

h  =  total  head  in  feet  against  which  pump  must  work. 

This  includes  the  total  vertical  lift  plus  frictional 
and  other  losses. 
E  =  the  efficiency  of  the  pump. 

An  efficiency  of  50%  is  usually  assumed  for  any  type  or  size  of  cen- 
trifugal pump,  though  the  actual  eflBciency  varies  with  the  size  of 
pump,  and  to  some  extent  with  the  head  against  which  the  pump  is 
operating. 

WEIB8  AND   WEIB  TABLES 

Three  forms  of  weirs  for  measuring  flowing  streams  are  in  comnKm 
use.  These  are  the  rectangular,  Cipolletti,  and  90-degree  V-notch.  The 
first  two  are  suitable,  with  the  proper  length  of  crest,  for  quantities 
of  12  inches  of  water  or  more.  Below  12  inches  the  90-degree  V-notch 
which  permits  the  accurate  measurement  of  quantities  as  low  as  2 
inches,  is  recommended.  This  weir  will  also  give  accurate  results  with 
large  streams,  but  since  the  head  is  higher  for  the  same  quantity  and 
the  consequent  loss  of  fall  in  the  ditch  is  greater  than  with  either  the 
rectangular  or  the  Cipolletti  weir,  one  of  these  is  generally  preferable 
for  large  streams. 

The  rectangular  weir,  as  its  name  implies,  has  the  sides  of  the  notch 
at  right  angles  to  the  crest,  while  the  Cipolletti  has  the  sloping  sides 
in  the  ratio  of  1  to  4.    The  90-degree  V-notch  can  be  readily  marked 
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out  by  the  use  of  the  steel  square.  The  point  of  the  square  is  placed 
on  the  face  of  the  board  to  be  cut  at  a  point  which  is  to  be  the  bottom 
of  the  notch.  The  square  is  then  set  so  that  the  same  figures  appear 
on  the  outside  edges  of  both  legs  at  the  edge  of  the  board.  Lines  for 
saw  cuts  are  then  drawn  along  the  outside  edges  of  the  square.  Theui, 
if  the  top  of  the  board  is  set  level,  the  weir  notch  will  be  in  proper 
position. 

To  secure  accurate  measurements,  certain  conditions  must  be  com- 
plied with  in  making  and  setting  any  form  of  weir.     The  upstream 
edge  of  the  weir  crest  should  be  straight  and  sharp  and,  if  the  notch 
is  cut  from  a  board,  the  downstream  edges  should  be  beveled  at  an 
angle  of  about  45  degrees.    The  edge  of  the  crest  may  have  a  width  of 
not  more  than  one-fourth  inch.    If  the  weir  is  set  in  a  bulkhead  it  must 
be  flush  with  the  face  of  the  bulkhead  and  must  not  project  beyond  it. 
The    weir    or    bulk- 
head should  be  ver- 
tical   and    at    right 
angles  to  the  stream. 
The  weir  pool,  or 
stilling  pond  above 
the  weir,  should  be 
large    enough    to 
check  completely  the 
velocity  of  the  water 
flowing    into    it,    so 
that  the  water 
approaches  the  weir 
crest  with  no  appre- 
ciable velocity.     As 
usually  given,   the 
dimensions  of  a  weir 
pool   are  such   that 
the    distance   from 
the  crest  of  the  weir 
to  the  bottom  of  the 
pond    must    equal 
three  times  the  depth  of  water  flowing  over  the  weir,  and  the  distance 
from  the  sides  of  the  crest  to  the  bank  should  equal  twice  the  depth 
flowing  over  the  weir. 

The  free  fall  below  the  crest  of  the  weir  should  be  sufficient  to 
permit  a  free  circulation  of  air  under  the  water  below  the  crest. 

When  large  heads  of  water  are  to  be  measured,  a  straight  run  of  at 
least  50  feet  in  the  ditch  above  the  weir  should  be  allowed.  This  dis- 
tance may  be  less  for  very  small  quantities. 

The  depth  of  water  flowing  over  the  crest  is  called  the  head.  It 
should  be  measured  at  a  distance  upstream  approximately  four  times 
the  head,  or  if  the  head  be  measured  on  the  front  of  the  weir  or  bulk- 
head the  distance  out  from  the  edge  of  the  weir  should  be  at  least  two 
times  the  head.  These  distances  are  sufficient  to  get  away  from  the 
"drawdown"  or  downward  curving  of  the  water  as  it  passes  over  the 
first  weir  crest.    A  scale  or  gage  for  reading  the  head  may  be  fastened 


m 

m^^a^    ' 

>  wrw 

i^r*»     -*iSV9^^ 

^     m 

t£^ 

BP^^I 

A  Very  Oood  Field  Setting  of  a  Weir.  Note  the  large 
weir  pool,  the  vertical  position  of  the  bulkhead 
across  the  stream,  and  the  free  faU  below  the 
crest.  The  measuring  peg  Is  Just  above  and  to 
the  right  of  the  end  of  the  axe  handle. 
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to  the  weir  or  bulkhead,  or  if  the  weir  is  placed  in  a  box  the  gage  may 
be  secured  to  the  side  of  the  box.  When  no  box  is  used  a  peg  should 
be  driven  in  the  ditch  bottom  to  an  exact  level  with  the  crest.  If  the 
peg  is  driven  a  little  below  the  level  and  a  nail  driven  into  the  peg  to 
the  exact  level  the  resulting  measurements  may  be  more  accurate.  A 
common  ruler  may  be  used  to  place  on  the  nail  head  or  peg  and 
measure  the  head,  but  a  small  steel  scale  graduated  into  tenths  and 
hundredths  of  a  foot  is  more  satisfactory.  Care  should  be  taken  to 
read  the  scale  with  the  eye  as  near  the  water  surface  as  possible  and  to 
read  the  figures  at  the  surface  of  the  water  and  not  at  the  edge  of  the 
wetted  area  on  the  rule. 

The  measured  head  is  then  referred  to  the  proper  weir  table,  and 
the  quantity  flowing,  is  read  in  second  feet  directly  from  the  table.  The 
following  abbreviated  tables  are  intended  to  cover  the  usual  quantities 
of  water  that  might  be  pumped  from  wells  in  Nevada  and  are  not 
intended  for  more  general  use.  For  a  comprehensive  discussion  and 
extended  weir  tables  refer  to  Farmers  Bulletin  813,  United  States 
Department  of  Agriculture,  from  which  these  tables  are  taken : 


TABLE  4 
Discliarge  Tables  for  Rectangular  Weirs 

0  566/^* 


Computed  from  the  formula  Q=Z.2^11H' 


1+2/ 


ttH^ 


Discharge  In  cubic  feet  per  second 

— ■ 1 

Discharge  in  cubic  feet  per  tecond 

Head 

Head 

for  crests  of  various  lengths 

Head 

Head 

for  crests  of  various  lengtlis 

in 

in 
incheB 

- 





in 
feet 

in 
inches 

feet 

Ifoot 

1.5  feet 

2  feet 

3  feet 

4  feet 

1  foot  1.5  feet 

2  feet 

8  feet 

4  feet 

0.20 

2 
2| 

0.291 

0.439 

0.688 

0.887 

1.19 

.58 

6 
6| 

1.21 

1.84 

2.46 

3.73 

4.99 

.21 

.312 

.472 

.632 

.954 

1.28 

.64 

1.26 

1.89 

2.53 

S.8S 

6.13 

.22 

2 

.335 

.505 

.677 

1.02 

1.37 

.56 

61 

1.28 

1.94 

2.80 

3.94 

5.r 

.23 

2| 

.358 

.539 

.723 

1.09 

1.46 

.56 

1.31 

1.99 

2.67 

4.04 

5.42 

.24 

2A 

.380 

.574 

.769 

1.16 

1.66 

.67 

m 

1.36 

2.04 

2,74 

4.16 

S.56 

.25 

3 

.404 

.609 

.817 

1.23 

1.65 

.68 

61 

1.38 

2.09 

2.81 

4.26 

6.» 

.26 

3ft 

.428 

.646 

.865 

1.31 

1.75 

.69 

7A 

1.42 

2.16 

2.88 

4.38 

6.86 

.27 

3i 

.452 

.682 

.914 

1.38 

1.85 

.60 

7A 

1.46 

2.20 

2.96 

4.47 

6.00 

.28 

3 

.477 

.720 

.965 

1.46 

1.96 

.61 

1.49 

2.26 

3.03 

4.60 

6.14 

.29 

.502 

.758 

1.02 

1.53 

2.05 

.62 

7  A 

1.52 

2.31 

8.10 

4.69 

6.29 

.30 

3 

.527 

.796 

1.07 

1.61 

2.16 

.63 

7A 

1.66 

2.38 

8.17 

4.81 

6.44 

.31 

Si 

.653 

.836 

1.12 

1.69 

2.26 

.64 

7 

\k 

1.60 

2.42 

3.26 

4.92 

6.» 

.32 

3111 

.680 

.876 

1.18 

1.77 

2.37 

.65 

I 

1.63 

2.47 

3.32 

6.08 

8.75 

.33 

SiS 

.606 

.916 

1.23 

1.86 

2.48 

.66 

ft 

1.67 

2.53 

3.40 

6.16 

8.90 

.34 

4,^, 

.634 

.957 

1.28 

1.94 

2.60 

.67 

sk 

1.71 

2.59 

3.47 

6.26 

7.06 

.36 

4,^., 

.661 

.999 

1.34 

2.02 

2.71 

.68 

8=V 
8i 

1.74 

2.64 

3.58 

6.38 

7.n 

.36 

4,'^ 

.688 

1.04 

1.40 

2.11 

2.82 

.69 

1.78 

2.70 

3.63 

5.49 

7.31 

.37 

4,V, 

.717 

1.08 

1.45 

2.20 

2.94 

.70 

8ii 

1.82 

2.76 

3.71 

5.61 

7.3 

.38 

4  A 

.745 

1.13 

1.51 

2.28 

3.06 

.71 

8 

1.88 

2.81 

8.78 

5.7S 

7.88 

.39 

m 

.774 

1.17 

1.57 

2.37 

3.18 

.72 

8 
8 

1.90 

2.87 

3.86 

6.86 

7.84 

.40 

A\% 

.804 

1.21 

1.63 

2.46 

3.30 

.73 

1.98 

2.93 

3.94 

6.97 

8.00 

.41 

41S 

.833 

1.26 

1.69 

2.56 

3.42 

.74 

82 

1.97 

2.99 

4.02 

8.09 

8-17 

.42 

5^ 

.863 

1.30 

1.76 

2.65 

3.64 

.76 

9 

2.01 

8.06 

4.10 

6.21 

8.13 

.43 

tf 

.893 

1.35 

1.81 

2.74 

3.67 

.76 

t 

2.06 

8.11 

4.18 

8.33 

8.49 

.44 

.924 

1.40 

1.88 

2.83 

3.80 

.77 

2.09 

3.17 

4.28 

8.45 

8.66 

.45 

5il 

.955 

1.44 

1.94 

2.93 

3.93 

.78 

9 
9i 

2.18 

3.23 

4.84 

8.68 

8.8S 

.46 

5i 

.986 

1.49 

2.00 

3.03 

4.06 

.79 

2.17 

8.29 

4.42 

8.70 

8.99 

.47 

5a 

1.02 

1.54 

2.07 

3.12 

4.18 

.80 

9 
91 

2.21 

8.35 

4.61 

8.8S 

9.16 

.48 

5} 

1.05 

1.59 

2.13 

3.22 

4.32 

.81 

2.26 

8.41 

4.59 

8.96 

9SS 

.49 

5| 

1.08 

1.64 

2.20 

8.82 

4.45 

.82 

93 

2.29 

8.47 

4.67 

7.08 

t.fiO 

.50 

6 

1.11 

1.68 

2.26 

8.42 

4.58 

.83 

91 

2.38 

3.64 

4.75 

7.21 

9.87 

.51 

^ 

1.15 

1.73 

2.33 

3.62 

4.72 

.84 

lOA 

2.37 

3.60 

4.84 

7.8S 

9.84 

.52 

1.18 

1.78 

2.40 

3.62 

4.86 

.85 

lOA 

2.41 

3.66 

4.92 

7.48 

10.01 
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TABLE  5 
Discharge  Tables  for  Clpolletti  We^ 

0.566  Z" 


Ckunputed  from  the  formula  Q=3.247  IH'"- 


1+2? 


rr-ff'"+0.609/r' 


Discharfce  in  cubic  feet  per  second 

Discharge  in  cubic  feet  per  second 

Head 

Head 

for  crests  of  various  lengths 

Head 

Head 

for  crests  of  various  lengths 

in 

in 
inches 

in 
feet 

in 
inches 

feet 

Ifoot 

1.5feet 

2  feet 

3  feet 

4  feet 

Ifoot 

1.6  feet 

2  feet 

3  feet 

4  feet 

0.20 

2 
2 

0.30 

0.45 

0.60 

0.90 

1.20 

.63 

6 
6 

1.34 

1.96 

2.59 

3.86 

5.12 

.21 

.32 

.48 

.64 

.97 

1.29 

.64 

1.88 

2.02 

2.66 

3.96 

6.26 

.22 

2 

.36 

.62 

.69 

1.04 

1.88 

.55 

6 

1.42 

2.07 

2.74 

4.07 

6.41 

.23 

2 

.37 

.66 

.74 

1.11 

1.47 

.56 

6 

1.46 

2.13 

2.81 

4.18 

6.66 

.24 

2 

.89 

.69 

.79 

1.18 

1.67 

.57 

6  i 

1.60 

2.19 

2.89 

4.30 

6.71 

.25 

3 

.42 

.63 

.84 

1.25 

1.67 

.68 

6g 

1.64 

2.25 

2.97 

4.41 

6.86 

.26 

si 

.45 

.67 

.89 

1.33 

1.77 

.69 

Ve 

1.68 

2.31 

8.06 

4.63 

6.01 

.27 

.47 

.70 

.94 

1.40 

1.87 

.60 

7,=V 

1.62 

2.37 

3.18 

4.64 

6.17 

.28 

3 

si 

.50 

.74 

.99 

1.48 

1.97 

.61 

7A 

1.67 

2.48 

3.20 

4.76 

6.32 

.29 

.63 

.79 

1.04 

1.66 

2.08 

.62 

7i"^ 

1.71 

2.49 

3.28 

4.88 

6.47 

.30 

SI 

.66 

.83 

1.10 

1.64 

2.19 

.63 

m 

1.76 

2.55 

8.37 

5.00 

6.63 

.81 

s} 

.69 

.87 

1.16 

1.73 

2.30 

.64 

7 

A 

1.80 

2.62 

3.45 

5.12 

6.79 

.32 

3U 

.61 

.91 

1.21 

1.80 

2.41 

.65 

7 

g 

1.84 

2.68 

3.63 

5.24 

6.95 

.33 

^.* 

.64 

.96 

1.27 

1.89 

2.52 

.66 

7 

8 

1.89 

2.75 

3.61 

5.36 

7.11 

.84 

4A 

.67 

1.00 

1.82 

1.98 

2.64 

.67 

8i«« 

1.93 

2.81 

3.70 

5.48 

7.28 

.85 

4A 

.70 

1.04 

1.38 

2.07 

2.75 

.68 

8A 
8} 

1.98 

2.87 

3.79 

5.61 

7.44 

.36 

JS 

.73 

1.09 

1.44 

2.16 

2.87 

.69 

2.02 

2.94 

3.87 

6.73 

7.61 

.37 

.77 

1.13 

1.50 

2.25 

2.99 

.70 

83 
8i 

2.07 

3.01 

3.95 

5.86 

7.77 

.38 

« 

.80 

1.18 

1.67 

2.34 

3.11 

.71 

2.12 

8.07 

4.04 

5.99 

7.94 

.39 

.83 

1.23 

1.63 

2.43 

8.24 

.72 

3 

2.16 

3.14 

4.13 

6.12 

8.11 

.40 

^! 

.87 

1.28 

1.69 

2.63 

3.36 

.73 

8| 
81 

2.21 

3.21 

4.22 

6.24 

8.28 

.41 

.90 

1.32 

1.76 

2.62 

3.49 

.74 

2.26 

3.28 

4.31 

6.38 

8.46 

.42 

6,^1 

.93 

1.37 

1.82 

2.72 

3.61 

.76 

9 

2.31 

3.35 

4.40 

6.51 

8.62 

.43 

6^ 
5i 

.97 

1.42 

1.89 

2.81 

3.74 

.76 

94 

2.36 

3.42 

4.49 

6.64 

8.80 

.44 

1.00 

1.47 

1.96 

2.91 

3.87 

.77 

9i 

2.41 

3.49 

4.68 

6.77 

8.97 

.45 

51 
6| 

1.04 

1.63 

2.02 

8.01 

4.01 

.78 

9 
9 

2.46 

3.56 

4.67 

6.90 

9.15 

.46 

1.07 

1.68 

2.09 

3.11 

4.14 

.79 

2.61 

3.63 

4.76 

7.04 

9.33 

.47 

5fi 

1.11 

1.63 

2.16 

8.21 

4.28 

.80 

9 

2.56 

3.70 

4.85 

7.18 

9.51 

.48 

5} 

52 

1.15 

1.68 

2.23 

3.32 

4.41 

.81 

9 

2.61 

3.77 

4.95 

7.31 

9.69 

.49 

1.18 

1.74 

2.30 

3.42 

4.56 

.82 

9  3 

2.66 

3.84 

5.04 

7.45 

9.87 

.50 

e 

1.22 

1.79 

2.37 

8.68 

4.69 

.83 

9  R 

2.71 

3.92 

6.14 

7.59 

10.05 

.51 

61 
6i 

1.26 

1.86 

2.44 

8.64 

4.83 

.84 

10i»a 

2.77 

8.99 

5.23 

7.73 

10.23 

.52 

l.SO 

1.90 

2.61 

3.74 

4.97 

.85 

io,=v 

2.82 

4.07 

5.33 

7.87 

10.42 
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TABLE  6 

Discl&arge  Table  for  90"*  Triangular  Notch 

Computed  from  the  formula  Q=2.49  IP*^ 


Head  in  ' 
feet 

Head  in 
inches 

Ditcharfre 
In  second- 
feet  (Q) 

Head  In 
feet 

Head  in 
inches 

Discharge 
in  second- 
feet  (Q) 

Head  in 
feet 

Head  in 
inches 

DiK^barse 

Intecood- 

feet(Q) 

0.20  , 

23 

0.046 

0.66 

6» 

0.664 

0.90 

10)3 

loit 

l.S 

.21 

2 

.052 

.56 

6} 

.690 

.91 

ir 

.22  1 

21 

.068 

.67 

t\\ 

.617 

.92 

lliV 

2.(S 

.28 

2 

.066 

.68 

.644 

.93 

111 

2.08 

.24 

2 

.072 

.69 

7i»« 

.672 

.94 

2.13 

.26  ' 

3 

.080 

.60 

^f• 

.700 

.96 

^^ 

2.M 

.26 

It 

.088 

.61 

7A 

.730 

.96 

11 

2.15 

.27  1 

.096 

.62 

7,'« 

.760 

.97 

11 

2.S1 

.28' 

32 

.106 

.63 

7-t 

.790 

.96 

11 

2.17 

.29  1 

8 

.115 

.64 

74 

.822 

.99 

112 

2.4S 

.30  , 

8 

.125 

.65 

7  S 

.854 

1.00 

12 

tM 

.31 

8 

.186 

.66 

7  8 

.887 

1.01 

12A 

m 

2.tf 

.82  ' 

8  i 

.147 

.67 

8,V 

.921 

1.02 

2.61 

.83 

8  S 

.159 

.68 

Sfe 

.966 

1.03 

12i 

m 

s.a 

.34 

4i'» 

.171 

.69 

8i 

.991 

1.04 

174 

.86  i 

4A 

.184 

.70 

8 
8 

1.03 

1.06 

12| 

181 

.86  ' 

4,»« 

.197 

.71 

1.06 

1.06 

121 

2J7 

.37, 

i^\ 

.211 

.72 

8 

1.10 

1.07 

Si 

IM 

.38  ' 

4f<i 

.226 

.78 

8 
8 

1.14 

1.08 

101 

.89  1 

4U 

.240 

-.74 

1.18 

1.09 

18/k 

S.08 

.40 

4  i 
4  i 

.266 

.76 

9 

1.22 

1.10 

13i\ 

S.U 

.41 

.272 

.76 

9A 

1.26 

l.U 

ISA 
13/« 

IC 

.42  ' 

5,V 

.289 

.77 

9i 

1.80 

1.12 

in 

.48  , 

if 

.806 

.78 

91 

1.84 

1.18 

ISA 

ir 

.44' 

.324 

.79 

9 

1.39 

1.14 

13  1 

S.44 

.45 

.848 

.80 

91 

1.43 

1.16 

18» 
ISi 

18 

.46 

5i 

.362 

.81 

91 

1.48 

1.16 

S.9 

.47  1 

&fl 

.882 

.82 

9  1 

1.62 

1.17 

14A 

S-« 

.48 

l\ 

.408 

.83 

98 

1.67 

1.18 

14A 

175 

.49 

.424 

.84 

lOA 

1.61 

1.19 

14}    t 

SJS 

.50 

6 

.446 

.86 

lOA 

1.66 

1.20 

14      ' 

111 

.51  , 

6A 

.468 

.86 

lOA 

1.71 

1.21 

14      1 

SJI 

.52  i 

6i 

.491 

.87 

lo,"; 

1.76 

1.22 

14 

4.«r 

.53  , 

6i 

.515 

.88 

lo,*; 

1.81 

1.23 

14      1 

4M 

.64 

61 

.539 

.89 

lOU 

1.86 

1.24 

14 

414 

1.26 

16 

48S 
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TABLE  OF  HYDBAULIO  EQUIVALENTS 

1  cubic  foot  of  water  weighs  62%  pounds. 

1  cubic  foot  equals  approximately  7%  gallons. 

1  cubic  foot  per  second  equal  450  gallons  per  minute,  approxi- 
mately. 

1  cubic  foot  per  second  flowing  1  hour  equals  1  acre  inch. 

1  cubic  foot  per  second  flowing  12  hours  equals  1  acre  foot. 

1  cubic  foot  per  second  flowing  24  hours  equals  2  acre  feet. 

1  acre  foot  equals  43,560  cubic  feet. 

1  acre  inch  equals  113  tons  or  226,850  pounds  of  water. 

Miner's  inch:  In  Nevada,  Arizona,  Montana,  Oregon  and  central 
California  one  miner's  inch  equals  %o  of  a  second  foot.  In  southern 
California,  Idaho,  Kansas,  New  Mexico,  North  Dakota,  South  Dakota, 
Nebraska  and  Utah  one  miner's  inch  equals  %o  of  a  second  foot.  In 
Colorado  1  miner's  inch  is  j^^.j  of  a  second  foot. 

DUTY   OF   WATER 

Duty  of  water  may  be  expressed  in  various  ways.  Very  often  the 
total  depth  of  water  required  to  bring  a  crop  to  maturity  is  stated  as 
so  many  acre  feet  or  acre  inches  of  water,  and  called  the  duty  of  water 
for  this  particular  crop.  This  figure  for  any  crop  naturally  varies 
considerably  with  diflferent  soils  and  climatic  conditions,  and  also 
with  different  seasons.  The  quantity  and  distribution  of  the  rainfall 
is  a  vital  factor  in  the  duty  of  water,  governing  the  amount  of  water 
that  must  be  supplied  by  irrigation.  The  importance  of  knowing  the 
total  quantity  of  water  that  must  be  lifted  by  pumping  to  mature  a 
crop  is  discussed  under  cost  of  pumping. 

Another  expression  of  the  duty  of  water  is  the  number  of  acres  of 
land  that  can  be  irrigated  during  a  season  by  a  given  flow  of  water, 
usually  one  second  foot.  Ordinarily  this  expression  of  the  duty  of 
water  is  for  the  entire  irrigating  season,  and  not  necessarily  for  any 
particular  crop ;  but  when  water  is  pumped  and  the  quantity  available 
is  limited,  the  number  of  acres  that  can  be  covered  within  a  given  time 
during  the  period  of  greatest  need  becomes  a  limiting  factor.  Calcu- 
lations of  the  number  of  acres  that  can  be  irrigated  by  a  given  stream 
can  be  readily  made  if  the  size  of  the  stream,  the  depth  of  water 
required  for  each  irrigation  and  the  rotation  period  or  time  between 
irrigations  are  known. 

Let  it  be  assumed,  for  example,  that  for  a  certain  crop  on  a  particu- 
lar soil  six  inches  of  water  per  irrigation  are  required  and  during  the 
hottest  weather  one  irrigation  every  10  days  is  necessary.  Then  if 
one  second  foot,  giving  24  acre  inches  every  24  hours,  is  available,  four 
acres  can  be  irrigated  each  day.  At  this  rate  40  acres  can  be  irrigated 
in  the  10  day  period. 

If  it  be  assumed  that  for  the  above  crop  three  inches  per  irrigation 
is  sufBcient,  then  in  the  10  day  period  a  total  of  80  acres  can  be  irri- 
gated. Likewise  the  length  of  time  between  irrigations  may  be  more 
or  less  than  the  assumed  period  of  10  days,  with  a  consequent  variation 
in  the  amount  of  land  that  can  be  covered  within  the  rotation. 

From  this  brief  discussion  it  can  be  seen  that  the  duty  of  water  or 
number  of  acres  that  can  be  served  by  a  given  stream  of  water  depends 
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upon  a  number  of  variable  factors  and  cannot  be  stated  in  exact 
figures,  but  must  be  determined  for  any  stated  locality  and  crop  by  a 
study  of  all  the  factors  involved. 

COST  OF   PUMFINa 

Under  any  system  of  farming  where  water  must  be  lifted,  the  cost 
of  pumping  becomes  a  vital  factor  in  the  economic  production  of 
crops.  The  upper  limit  of  this  cost  can  scarcely  be  expressed  in  defi- 
nite figures  because  the  cost  of  pumping  is  only  one  of  the  factors 
affecting  farming  profits  in  any  locality.  Pumping  costs  should  rather 
be  considered  in  connection  with  the  net  returns  per  acre.    The  soil, 


The  Lindsay  WeU,  Las  Vegas,  Nevada.  Many  artesian  well  areas  begin  with 
flowing  wells  and  end  with  pumping.  The  exceUent  weU  shown  in  this 
picture  gives  visual  evidence  of  a  considerable  water  supply. 

its  fertility  and  adaptability  to  particular  crops,  the  climate  which 
governs  the  class  of  crops  that  can  be  grown,  the  distance  from  market 
and  the  means  of  transportation  which  govern  the  cost  of  marketing, 
are  all  factors  influencing  the  returns  per  acre.  In  general  it  may  be 
stated  that  the  higher  the  net  returns  per  acre  the  higher  will  be  the 
various  items  of  expense  in  growing  the  crop,  and  the  higher  will  be 
the  permissible  cost  of  pumping.  In  other  words,  with  a  crop  that 
gives  a  very  high  return  per  acre  the  cost  of  pumping  may  be  quite 
high  without  greatly  affecting  the  net  return ;  whereas,  with  a  crop 
that  gives  a  very  low  return  per  acre,  the  margin  between  the  return 
and  the  cost  of  production  does  not  permit  of  a  very  large  expenditure 
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for  pumping.  To  illustrate  further :  Consider  the  condition  of  some 
of  the  interior  valleys  in  Nevada.  The  climate  is  such  that  only  the 
rather  hardy,  short  season  crops  can  be  grown,  and  the  distance  from 
market  is  so  great  that  only  those  crops  that  can  be  consumed  on  the 
farm  are  profitable.  Under  such  conditions  the  returns  per  acre  from 
farming  are  necessarily  small  and  if  pumping  is  practiced  the  cost 
per  acre  for  lifting  the  water  must  be  very  low.  This  means  that  the 
first  cost  of  the  wells  must  be  moderate  and  that  the  distance  through 
which  the  water  is  lifted  must  be  small. 

On  the  other  hand,  the  extreme  southern  end  of  Nevada  has  a  mild 
climate  with  a  very  long  growing  season.  The  distance  from  markets 
is  considerable,  but  means  of  transportation  are  available.  These  con- 
ditions permit  the  growing  of  a  rather  wide  range  of  crops  and  the 
selection  of  those  crops  that  give  large  returns  per  acre,  and  this  in 
turn  permits  a  higher  water  cost. 

The  quantity  of  water  that  must  be  applied  to  a  crop  to  bring 
it  to  maturity  is  likewise  a  variable  factor,  depending  on  the  crops 
grown,  the  soil,  and  the  climate. 

Until  all  the  factors  that  enter  into  the  cost  of  production  and  the 
possible  returns  per  acre  are  known  it  is  impossible  to  state  a  figure 
expressing  the  highest  cost  of  pumping  or  the  maximum  lift  that  will 
allow  a  profitable  return  per  acre  on  the  crop  grown. 

If  the  cost  of  all  the  different  items  entering  into  the  cost  of  lifting 
water  were  uniform  or  nearly  so,  it  would  be  possible  to  establish  the 
cost  per  acre  foot  of  water  per  foot  of  lift,  and  by  applying  this  figure 
to  any  set  of  conditions  one  could  estimate  the  cost  of  lifting  any 
amount  of  water  through  any  given  distance.  Then,  with  a  knowledge 
of  the  probable  net  returns  from  any  crop  in  a  community  it  would  be 
a  simple  problem  to  determine  the  limit  of  economical  pumping.  Sup- 
pK)se  that  in  a  certain  community  a  crop  requiring  three  acre  feet  of 
water  is  to  be  grown,  the  crop  returns  being  such  that  after  deducting 
fixed  charges  and  production  costs  a  sum  of  $6  would  remain  for 
pumping  costs.  The  problem  is  then  to  determine  the  maximum  pump- 
ing lift.  If  it  is  assumed  that  the  rate  for  lifting  water  had  previously 
been  found  to  be  5  cents  per  acre  foot  per  foot  of  lift,  then  the  cost 
of  lifting  three  acre  feet  one  foot  would  be  15  cents,  and  the  maximum 
allowable  lift  would  be  $6  divided  by  15  cents  or  40;  that  is,  the 
greatest  depth  from  which  water  could  be  pumped  would  be  40  feet. 
Similarly  a  crop  requiring  two  acre  feet  of  water  and  returning  a  net 
profit  of  such  amount  that  $20  per  acre  remained  to  pay  for  pumping 
could  be  profitably  grown  with  water  lifted  a  total  of  200  feet,  provided 
the  basic  rate  of  5  cents  was  still  correct. 

However,  the  items  of  cost  vary  considerably.  The  price  of  fuel 
fluctuates  rather  widely,  and  the  cost  of  transporting  the  fuel  from 
the  railroad  to  the  farm  increases  rapidly  with  the  distance  hauled.  If 
electric  power  is  available  the  first  cost  of  an  extension  from  the  power 
line  to  the  pumping  plant  must  be  considered  and  the  interest  and 
depreciation  added  to  the  power  costs.  The  first  costs  of  wells  and 
pumping  equipment  range  over  wide  limits.  It  costs  more  per  acre- 
inch  to  lift  water  with  pumps  of  small  capacities  than  it  does  with 
pumps  of  larger  capacities.    Also  the  rate  of  cost  of  pumping  increases 
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appreciably  as  the  total  lift  increases.  That  is,  if  the  rate  is  5  cents 
per  acre  foot  per  foot  lift  with  a  total  head  of  40  feet  the  rate  may  be 
as  much  as  7^  cents  when  the  head  is  increased  to  100  feet. 

With  so  many  variable  factors  entering  into  the  cost  of  lifting  water, 
it  is  impossible  to  establish  a  general  basic  rate  for  pumping  costs. 
Hence  it  is  difficult  to  forecast  the  pumping  cost  or  to  determine  the 
maximum  pumping  limit  for  any  locality  without  exact  data  on  the 
cost  of  all  the  various  factors  entering  into  the  problem.  In  the 
absence  of  more  exact  information  the  following  rates  may  be  used  in 
making  rough  estimates  of  pumping  costs  and  allowable  lifts  for  aver- 
age conditions  in  Nevada : 

TABLE  7 


Rate 

Pumping  Hit 

( Cost  of  lifting  one 

Cost  of  Iff  ting  otte  ten 

feet 

acre  foot  one  foot) 

foot  maximum  lift  fornle 

10-  20 

$0.06 

$1.20 

20-  40 

.08 

3.20 

40-100 

.10 

10.00 
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WATER-SUPPLY  PAPERS  OP  THE  UNITED  STATES  GEOLOGICAL  SURVEY 

S  0  25  SO  7S  KX)  MILES 
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Map  Stproduced  from  Water  Supply  Paper  No.  476  U.  S.  Geological  Survey, 
Showing  Areas  in  Nevada  Described  in  Various  Water  Supply  Papers. 

(See  list  of  references  at  end  ol  this  Bulletin.) 
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United  States  Department  of  Agriculture,  Bureau  of  Soils,  Soil  Survey 
of  the  Las  Vegas  Area,  Nevada,  by  E.  J.  Carpenter  and  F.  0. 
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RED  WATER  DISEASE  OF  CATTLE 

(Bacillary  hemoglobinvria) 

INTBODUCTION 

The  *'red  water  disease"  of  cattle,  a  local  name  for  hacUlary  hemo- 
globinuria, is  more  or  less  prevalent  throughout  Nevada.  Accurate 
information  on  the  early  history  of  the  disease  in  Nevada  is  somewhat 
difficult  to  obtain,  because  in  earlier  years  its  true  nature  was  not 
recognized  and  it  was  confused  with  anthrax  and  other  diseases  which 
it  more  or  less  resembles.  Information  collected  from  long  resident 
ranchers  and  old  newspaper  files  seems  to  demonstrate  quite  conclu- 
sively, however,  that  material  losses  from  the  disease  occurred  at  least 
forty  years  ago.  Since  1914  an  active  and  comprehensive  study  of  the 
disease  has  been  under  way  at  the  Nevada  Agricultural  Experiment 
Station. 

This  work  has  resulted  in  the  discovery  of  the  microorganism  or  germ 
causing  the  disease.  A  satisfactory  curative  serum  has  been  produced, 
and  what  promises  to  be  a  reliable  vaccine  for  its  prevention.  The 
results  of  this  work,  which  was  of  a  highly  technical  nature,  have  been 
published  from  time  to  time  in  scientific  journals ;  but  the  details  are 
naturally  not  of  great  interest  to  the  layman. 

The  purpose  of  this  bulletin  is  t«  render  available  to  stockmen  and 
ranchers  a  brief  and  understandable  description  of  the  disease,  together 
with  an  account  of  the  available  means  of  preventing  losses  from  it. 
There  will  also  be  published  shortly  another  technical  bulletin  describ- 
ing* in  detail  the  work  done  at  this  Station.  Those  interested  in  the 
more  scientific  phases  of  this  problem  should  consult  this  latter  bulletin 
and  the  previously  published  papers  referred  to  above. 

OOCUBBENCE  OF  THE  DISEASE 

In  addition  to  Nevada,  this  disease  is  now  known  to  occur  in  certain 
areas  of  California,  Oregon,  and  Washington,  and  in  Chile,  South 
America.  Further  observations  will  probably  demonstrate  a  still  wider 
distribution.  It  is  noteworthy,  however,  that  wherever  this  disease  has 
been  proved  to  exist,  it  occurs  under  similar  local  conditions. 

Red  water  disease  of  cattle  is  primarily  a  lowland  disease,  regardless 
of  the  actual  altitude  at  which  it  occurs.  Practically  all  material  losses 
occur  on  pasture  areas  such  as  natural  meadows,  or  irrigated  lands 
where  drainage  is  poor,  and  there  is  at  least  a  periodic  excess  of  water 
that  does  not  drain  away  promptly  and  becomes  dormant  or  stagnant. 
Drainage  water  from  such  areas  also  appears  capable  of  infecting  cattle 
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when  drunk  by  them  under  certain  conditions.  Cases  rarely,  if  ever, 
occur  on  dry  upland  areas  or  on  the  open  range  where  cattle  do  not 
have  access  to  poorly  drained  lands  such  as  those  described.  Occa- 
sional losses  occur  on  dry  hay  in  feed  lots,  but  these  are  usually  trace- 
able to  hay  cut  from  dangerous  meadows  or  to  drinking  water  draining 
from  such  areas. 

Ked  water  is  primarily  a  disease  of  cattle,  at  least  in  Nevada.  Occa- 
sional losses  of  sheep  have  come  to  our  attention  but  they  appear  to  be 
rare.  Whether  this  is  due  to  the  fact  that  Nevada  sheep  are  rarely 
pastured  on  areas  where  the  disease  is  prevalent,  or  to  the  fact  that 
they  are  more  resistant,  is  not  known  definitely  at  this  time ;  we  are 
inclined  to  believe  the  former. 

ECONOMIC   IMPOBTANCE 

Taking  one  year  with  another,  the  aggregate  losses  from  red  water 
disease  in  Nevada  have  been  a  fairly  serious  drain  on  the  livestock 
industry,  and  one  well  worth  preventing  with  the  means  now  at  our 
disposal.  The  losses  from  the  disease  vary  greatly  from  year  to  year 
on  individual  ranches  and  in  different  locations.  A  number  of  factors 
affect  this  result,  such  as  water  conditions,  average  temperature,  and 
the  susceptibility  of  the  cattle  on  pastures. 

Severe  sudden  outbreaks  of  this  disease  where  a  large  number  of 
cases  occur  in  groups  of  cattle  simultaneously  or  within  a  short  time 
are  infrequent;  but  they  do  occur.  When  a  large  number  of  cattle 
which  have  never  been  exposed  to  the  disease  and  are  therefore  highly 
susceptible  are  moved  in  on  a  dangerous  area,  cases  are  apt  to  develop 
rapidly.  The  same  thing  may  occur  when  premises  previously  free 
from  the  disease  are  flooded  with  water  drained  from  a  dangerous 
area.  The  usual  thing,  however,  is  the  appearance  of  occasional  cases 
in  the  herd  throughout  the  season  when  the  disease  is  most  prevalent 
Generally  speaking,  red  water  is  a  disease  of  summer  and  fall,  most  of 
the  losses  occurring  between  July  first  and  December  first.  Water  and 
temperature  conditions  appear  to  be  the  controlling  factors  in  the  prev- 
alence of  the  disease.  Occasional  cases  occur  throughout  the  year  in 
tlie  involved  districts. 

DIAONOSIS 

To  veterinarians  and  stockmen  who  have  had  any  considerable  experi- 
ence with  the  disease  the  diagnosis  is  usually  fairly  easy,  even  very 
early  in  the  attack.  The  disease  most  apt  to  be  confused  with  red  water 
is  anthrax,  which  unfortunately  is  also  found  in  many  of  the  Nevada 
districts  where  red  water  disease  occurs.  The  situation  is  further  com- 
plicated by  the  fact  that  anthrax  is  also  most  apt  to  appear  under  con- 
ditions of  season,  water,  and  temperature  favorable  to  the  occurrence 
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of  red  water  disease.  Fortunately  graduate  veterinarians  thoroughly 
familiar  with  red  water  disease  are  available  in  Nevada  in  practically 
all  districts  where  the  disease  occurs.  Stockmen  should  by  all  means 
secure  their  services  for  the  diagnosis  of  suspicious  cases  either  during 
life  or  after  death,  and  for  treatment  of  early  cases  and  for  outlining 
plans  to  control  the  disease. 

The  symptoms  shown  by  an  animal  afHicted  with  red  water  disease 
are  fairly  constant  and  uniform  from  the  time  the  disease  first  becomes 
apparent  to  the  death  of  the  animal.  Appetite  and  cud  chewing,  bowel 
movements  aijd  milk  flow  in  milking  cows  suddenly  cease.  The  animal 
is  apt  to  stand  apart  from  the  herd.  It  does  not  want  to  move  and 
usually  grunts  with  each  step  taken.  The  hair  is  dry,  dull  and  raised. 
The  eyes  have  a  peculiar  sunken  appearance  quite  characteristic  of  the 
disease  and  are  usually  bloodshot  or  yellow.  Breathing  is  rather  rapid 
but  shallow,  the  animal  may  grunt  slightly  each  time  the  breath  is 
expelled.  The  nose  is  dry  and  hot.  The  temperature  is  high,  reaching 
106  early  in  the  disease,  but  it  falls  rapidly  and  is  usually  subnormal 
some  time  before  death.  The  pulse  is  increased  in  rate  but  weak,  with 
marked  visible  pulsations  in  the  veins  of  the  neck. 

As  the  disease  progresses,  bowel  movements  become  very  frequent, 
and  small  in  amount.  Later  they  usually  contain  much  blood.  Urine 
is  passed  frequently  and  generally  in  fair  amounts.  Starting  with  a 
faint  pinkish  tinge,  the  color  of  the  urine  changes  imtil,  late  in  the 
disease,  it  is  a  deep  garnet  or  port  wine  color.  This  coloration  of  the 
urine,  due  to  dissolved  blood  pigment,  is  the  most  striking  symptom  of 
the  disease  and  the  one  from  which  it  gets  its  common  name,  **red 
water."  In  this  connection  it  should  be  borne  in  mind,  however,  that 
blood-tinged  urine  may  also  occur  in  anthrax. 

The  duration  of  the  disease  after  it  becomes  noticeable  varies  from 
a  few  hours  to  several  days,  averaging  about  thirty-six  hours.  The 
death  rate  is  very  high,  in  most  localities  reaching  practically  100% 
of  all  untreated  cases  definitely  diagnosed. 

The  changes  found  in  an  animal's  body  after  death  from  red  water 
disease  are  very  striking ;  and  some  of  them  are  quite  typical  of  this 
disease.  These  changes  will  not  be  dealt  with  here  in  detail,  however, 
as  the  danger  of  confusion  with  anthrax  which  is  readily  contracted  by 
man  makes  it  inadvisable  for  any  one  except  a  trained  veterinarian 
to  examine  the  carcass  of  an  animal  suspected  of  having  died  of  red 
water  disease.  The  general  picture  on  opening  a  red  water  carcass  is 
one  of  hemorrhage.  Both  chest  and  abdominal  cavities  contain  bloody 
fluid.  The  membranes  that  line  both  cavities  and  cover  the  intestines 
show  more  or  less  extensive  deposits  of  blood  beneath  their  surfaces. 
The  lungs  are  yellowish-red  instead  of  bright  pink  as  in  health.    The 
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spleen  is  dark  and  discolored  but  not  much  enlarged.  The  kidneys  are 
speckled  with  blood  spots ;  and  any  urine  left  in  the  bladder  is  dark 
red  in  color. 

The  most  striking  change  and  the  one  found  uniformly  and,  so  far 
as  we  know,  only  in  this  disease,  is  in  the  liver.  The  liver  invariably 
contains  a  firm,  rather  brittle,  dirty  yellowish-grey  area,  well  defined 
from  the  normal  portion  and  slightly  raised  above  the  surface.  This 
area  may  vary  from  a  few  inches  in  diameter  up  to  a  size  about  odc- 
fifth  of  the  whole  liver.  This  liver  area  is  thought  to  be  the  point 
where  the  germs  causing  this  disease  first  establish  themselves  in  the 
animal's  body  and  set  up  the  processes  that  later  result  in  death. 

TREATMENT 

Long  experience  with  the  medicinal  or  drug  treatment  of  red  water 
disease  has  shown  that  it  is  of  little  value.  It  is  very  doubtful  whether 
even  the  most  skillful  treatment  with  drugs  alone  materially  influ- 
ences the  death  rate. 

Following  the  discovery  in  1923  of  the  germ  causing  red  water  disease 
and  its  isolation  in  what  is  known  as  a  pure  culture,  a  curative  serum 
was  prepared  at  the  Nevada  Agricultural  Experiment  Station.  The 
results  obtained  from  the  use  of  this  serum  have  been  most  gratifying. 
Taking  all  classes  of  cases,  early  and  advanced,  but  all  well  enough 
developed  for  positive  diagnosis,  the  recoveries  under  serum  treatment 
have  averaged  about  seventy-five  per  cent,  while  the  death  rate  among 
animals  not  treated  is  practically  one  hundred  per  cent. 

Several  factors  influence  the  chances  for  recovery  of  the  individual 
animal  under  serum  treatment.  The  serum  should,  of  course,  be  given 
as  early  as  possible  in  the  course  of  the  disease.  Cows  well  along  with 
calf  are  a  very  bad  risk,  and  the  death  rate  is  high  even  when  serum 
is  given  early  in  the  attack.  In  herds  where  red  water  cases  are  of 
frequent  occurrence,  it  is  often  advisable  as  an  economic  preventive 
measure  to  administer  serum  to  animals  considered  suspicious  even 
before  absolutely  definite  symptoms  develop.  This  will  tend  to  cheek 
the  development  of  the  disease  and,  even  if  the  animal  was  not  actually 
affected  with  red  water  disease,  the  serum  administered  will  do  no 
harm.  For  curative  purposes  the  serum  is  injected  directly  into  the 
animal's  veins. 

Caution  must  be  exercised  with  range  cattle  or  others  unaccustomed 
to  handling  when  they  are  found,  or  suspected,  to  be  suffering  with 
this  disease.  Undue  excitement  or  exertion  incident  to  roping  or  driv- 
ing into  chutes  for  treatment  may  seriously  weaken  the  animal  or 
actually  cause  death  before  treatment. 


Digitized  by 


Google 


Red  Water  Disease  of  Cattle  11 

Suitable  medicinal  treatment  in  the  way  of  stimulants,  etc.,  tends  to 
hasten  recover}^  and  to  leave  the  animal  in  better  shape  after  the  attack, 
and  may  be  used  to  advantage  in  connection  with  the  serum.  Animals 
sick  with  red  water  disease  may  be  allowed  water  to  drink  during  the 
attack  but  should  have  no  solid  food  until  well  on  the  way  to  recovery. 
During  the  course  of  the  disease,  and  for  a  reasonable  time  afterward, 
exercise  and  excitement  should  be  avoided.  Bulls  should  not  be  used 
for  service  for  at  least  three  to  four  weeks  after  apparent  recovery. 
Purgatives  or  physics  should  never  be  given  to  animals  suspected  of 
having  red  water  disease,  as  they  increase  the  severity  of  the  attack  and 
lessen  the  chance  of  recovery. 

In  all  cases  where  red  water  disease  is  suspected  a  veterinarian 
should  be  called  promptly  so  that  serum  treatment  and  other  appro- 
priate measures  may  be  employed  as  early  in  the  attack  as  possible. 

As  anti  red  water  serum  has  now  passed  the  experimental  stage,  it 
is  no  longer  produced  and  distributed  free  by  the  Nevada  Agricul- 
tural Experiment  Station.  An  ample  supply  of  reliable  serum  from 
commercial  laboratories  is  now  available,  and  veterinarians  practic- 
ing in  red  water  districts  generally  have  a  supply  on  hand.  The 
present  price  of  anti  red  water  serum  is  about  six  dollars  per  dose 
which  makes  its  use  well  worth  while  on  dairj-  cattle  or  other  cattle  of 
fair  value.  If  given  reasonably  early  in  the  attack,  one  dose  is  usually 
sufficient,  but  in  some  cases  a  second  dose  can  be  given  to  advantage. 

PREVENTIOK 

In  red  water,  as  in  the  case  of  all  other  infectious  and  contagious 
diseases,  prevention  should  be  the  object  sought  rather  than  the  treat- 
ment of  cases  after  they  occur.  While  there  is  still  much  to  be  learned 
as  to  the  control  of  red  water  disease,  even  with  our  present  knowledge, 
losses  may  be  materially  checked  and  in  some  cases  probably  entirely 
prevented. 

If  the  use  of  pastures  on  which  red  water  disease  is  known  to  occur 
is  imavoidable,  much  can  often  be  done  to  make  them  less  dangerous. 
Excess  water,  and  particularly  standing  water,  should  be  eliminated. 
Where  heavy  or  imeven  irrigation  cannot  be  avoided,  the  cattle  should 
be  removed  until  after  the  excess  water  has  subsided.  Sump  holes  and 
low  spots  should  be  drained  or  fenced  off  wherever  possible,  and  a 
supply  of  pure  flowing  water  should  be  made  available  for  drinking. 
Feed  lot  losses  on  dry  hay  appear  to  be  almost  always  due  to  contam- 
inated drinking  water.  These  losses  can  usually  be  prevented  by  limit- 
ing the  cattle  to  pure  spring  or  well  water  for  drinking  purposes. 

When  for  economic  reasons,  or  otherwise,  it  is  impracticable  to  render 
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pastures  relatively  safe,  other  methods  of  preventing  losses  must  be 
used.  When  cases  start  to  occur  rapidly  among  a  susceptible  lot  of 
cattle,  the  administration  of  a  small  or  immunizing  dose  of  serum  is 
often  effectual.  The  serum  used  for  this  purpose  is  the  one  already 
referred  to  under  treatment,  but  the  dose  used  is  relatively  so  small 
that  the  cost  is  only  about  one  dollar  per  head.  While  the  results 
from  serum  used  in  this  way,  if  successful  at  all,  are  almost  immediate, 
the  protection  against  the  disease  is  short-lived,  probably  not  exceeding 
six  weeks  at  the  most. 

Our  present  knowledge  of  this  disease  indicates  that  in  areas  where 
it  is  known  to  occur  vaccination  affords  the  most  economical  and  effec- 
tive means  of  prevention.  So  far,  vaccination  has  been  tried  out  ou 
several  thousand  head  of  cattle  under  natural  field  conditions,  and  no 
noticeably  bad  effects  from  the  vaccine  have  been  noted,  even  among 
cattle  kept  under  very  close  observation.  Practically  no  cases  of  red 
water  have  occurred  among  the  vaccinated  cattle,  while  a  considerable 
number  of  cases  have  occurred  among  the  unvaccinated  animals  kept 
with  them  for  comparison  under  the  same  conditions. 

It  is  not  known  definitely  just  how  long  vaccination  will  protect  the 
treated  animals,  but  apparently  the  vaccine  now  available  will  prevent 
serious  losses  for  at  least  six  months.  It  is  hoped  that  later  improve- 
ments in  the  vaccine  used  will  prolong  this  period  of  protection  to  at 
least  one  year. 

As  protection  or  immunity  following  vaccination  is  not  established 
immediately,  cattle  should  be  vaccinated  at  least  two  weeks  before  the 
usual  red  water  season  or  before  they  are  moved  onto  dangerous  areas. 
This  is  particularly  important  as  there  is  probably  a  short  period  of  a 
few  days  immediately  after  vaccination  when  they  are  even  more  sus- 
ceptible to  the  disease  than  unvaccinated  cattle.  Vaccination  has  the 
further  advantage  of  being  inexpensive,  the  material  costing  only  ten 
to  fifteen  cents  per  dose. 

CONCLUSION 

The  accurate  diagnosis  and  control  of  red  water  disease  in  different 
localities,  and  under  varying  conditions  at  different  periods  of  the 
year,  presents  many  problems  which  cannot  be  dealt  with  in  detail  in 
a  bulletin  of  this  sort.  Further  study  of  the  disease  and  added  experi- 
ence will  also  undoubtedly  develop  better  methods  of  control. 

In  order  to  meet  this  condition  and  to  furnish  the  latest  available 
information,  the  staff  of  the  Department  of  Veterinary  Science,  Uni- 
versity of  Nevada,  will  be  glad  to  cooperate  with  any  livestock  owner 
or  veterinarian  interested  in  this  problem. 
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HOG  FEEDING  EXPERIMENTS 


In  this  bulletin  are  reported  the  results  of  hog  feeding  experi- 
ments conducted  by  the  Nevada  Agricultural  Experiment 
Station  in  cooperation  with  the  Office  of  Western 
Irrigation  Agriculture  of  the  U.  S.  Department 
of  Agriculture.    The  experiments  were  con- 
ducted on  the  Newlands  Experiment 
Farm  near  Fallon,  Nevada. 
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SUMMARY 

A  number  of  experiments  have  been  conducted  for  the  purpose  of 
determining  the  value  of  milk  in  the  ration,  and  of  finding  the  most 
economical  rations  to  use  under  various  price  combinations. 

Rations  were  fed  without  milk  and  with  medium  and  heavy  milk 
rations  in  addition  to  the  grain.  The  money  value  per  hundredweight 
of  milk  in  the  ration  was  found  to  be  variable,  and  depends  on  the 
status  of  other  factors;  viz.  (1)  the  price  receivable  for  the  hogs,  (2) 
the  price  of  grain,  (3)  the  per  cent  of  milk  in  the  ration,  (4)  the  per 
cent  of  grain  in  the  ration,  and  (5)  whether  the  pigs  are  on  pasture  or 
in  dry  lot.  The  value  of  the  milk  per  hundredweight  varies  according 
to  the  conditions  under  which  it  is  fed.  Each  gallon  of  milk  is  more 
effective  when  fed  in  a  limited  milk  ration  than  when  the  pigs  are  given 
approximately  all  they  can  drink.  Each  gallon  of  milk  is  also  more 
effective  in  producing  gains  when  the  pigs  are  receiving  a  light  grain 
ration  than  when  they  are  being  full  fed  on  grain.  Milk  was  found  to 
be  more  essential  to  the  growth  of  pigs  in  dry  lot  than  on  pasture. 

It  costs  more  to  produce  gains  on  hogs  in  winter  than  in  summer,  and 
in  dry  lot  than  on  pasture. 

Profitable  gains  can  be  made  under  certain  price  conditions.  When 
the  ratio  of  price  of  grain  to  the  price  of  gain  is  as  1 : 6,  or,  stated  in 
another  way,  when  one  pound  of  hog  will  buy  six  pounds  of  grain,  hog 
raising  will  always  be  profitable  if  the  more  economical  rations  shown 
herein  are  used.  When  the  hog-grain  ratio  is  reduced  to  1 : 5  greater 
care  must  be  used  is  selecting  the  ration  in  order  to  obtain  profitable 
returns. 

A  method  has  been  devised  to  show  by  means  of  calculating  charts 
the  cost  of  production  per  pound  of  gain  with  varying  prices  of  feeds 
and  labor.  This  makes  it  possible  to  calculate  in  advance  the  probable 
net  returns  that  can  be  obtained  from  the  rations  used  in  these  experi- 
ments and  thus  to  select  the  ration  best  adapted  to  the  price  combina- 
tions in  effect  when  the  feeding  of  any  lot  of  hogs  is  begun. 
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PART  I 

HOG   FEEDING   EXPERIMENTS 


INTBODUCnON 

The  number  of  hogs  in  Nevada  in  1926  as  given  by  the  United  States 
Department  of  Agriculture  was  estimated  at  26,000.  The  census  of 
1920  shows  that  there  were  on  hand  at  that  time  26,645  head.  This 
indicates  that  hog  raising  is  not  considered  profitable  by  the  majority 
of  Nevada  farmers,  and  for  this  reason  it  has  not  developed  into  an 
important  agricultural  industry. 

There  is  a  general  impression  among  the  farmers  that  hogs  cannot  be 
profitably  produced  even  in  connection  with  dairying.  This  opinion 
was  formed  in  the  prewar  days  when  the  price  of  hogs  was  usually 
under  8  cents  per  pound,  and  it  has  apparently  not  been  altered  by  the 
higher  prices  now  available.  That  there  are  two  sides  to  the  question 
is  indicated  by  the  fact  that  there  is  a  sprinkling  of  farmers  who 
always  keep  hogs,  and  who  believe  they  are  obtaining  profits  from 
them. 

The  situation  certainly  justifies  careful  experimentation  for  a  num- 
ber of  years  to  find  out  under  what  conditions  hog  growing  is  profitable 
and  what  factors  tend  to  make  it  unprofitable.  An  excellent  oppor- 
tunity to  conduct  such  experiments  became  available  when  the  dairy 
experiment  was  started  by  this  Department  in  cooperation  with  the 
Xewlands  Experiment  Farm  operated  by  the  U.  S.  Department  of 
Agriculture  at  Fallon.  Skim  milk  was  available  from  the  dairy  herd, 
and  the  experiment  farm  volunteered  to  furnish  the  necessary  land 
for  the  pens  and  alfalfa  pasture. 

Experiments  were  therefore  planned  to  determine  the  most  efficient 
and  economical  rations  to  use.  The  feeds  utilized  have  been  alfalfa 
hay,  alfalfa  pasture,  skim  milk,  ground  barley,  and  ground  rye  in  vari- 
ous combinations.  These  experiments  are  supplemental  to  the  dairy 
experiments  and  were  planned  so  as  to  obtain  information  in  regard 
to  the  value  of  skim  milk  as  a  supplement  to  alfalfa  and  grain,  and  to 
indicate  under  what  diverse  conditions  hog  feeding  may  be  profitable. 

METHOD  OF  FEEDIKO 

The  method  followed  for  calculating  the  amount  of  grain  and  milk 
to  be  fed  in  these  experiments  will  require  some  explanation  since  very 
few  farmers  are  acquainted  with  the  percentage  method  of  calculating 
the  ration  requirements  upon  the  weight  of  the  hogs.  When  a  2% 
prrain  ration  is  reported  it  means  that  2  pounds  of  grain  is  fed  for  every 
100  pounds  of  hogs  in  the  group.  When  a  5%  milk  ration  is  fed  it 
means  that  5  pounds  of  milk  is  fed  daily  for  each  100  pounds  of  live 
weight.  To  illustrate,  if  a  group  of  hogs  weighing  1,200  pounds  are 
receiving  2%  grain  and  5%  milk  ration,  they  will  be  given  24  pounds 
of  grain  and  60  pounds  of  milk  daily. 

For  our  experimental  purposes  the  pigs  have  been  weighed  and  the 
rations  corrected  each  week,  but  for  practical  feeding  on  the  farm  it 
would  only  be  necessary  to  make  an  estimate  of  the  total  weight  of  the 
hogs  twice  each  month,  and  then  feed  according  to  the  revised  weights. 
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EFFICIENCY  OF  THE  PEBCENTAOE  METHOD 

No  experiments  have  as  yet  been  conducted  to  determine  if  the  per- 
centage method  used  in  our  experiments  is  the  most  economical  one  to 
use  when  limited  rations  are  fed.  Various  percentage  rates  have  been 
compared  with  the  pigs  full  fed  or  on  self-feeders,  but  when  the  ration 
is  limited  it  may  be  found  eventually  that  there  is  some  more  econom- 
ical method  of  feeding  than  that  of  using  a  straight  percentage  rate 
during  the  growing  period.  However,  the  results  of  these  experiments 
show  that  the  pounds  of  grain  required  per  pound  of  gain  is  lower  than 
that  required  from  many  other  feeding  tests  of  other  stations.  It  may 
be  inferred  from  this  that  it  is  economical  to  base  the  daily  grain  ration 
upon  the  weight  of  the  hogs.  Until  some  better  method  is  found  hog 
growers  might  do  well  to  test  out  the  percentage  method  in  a  practical 
way  on  their  own  farms. 

ESSENTIALS  OF  PROFITABLE  HOO  OBOWIKO 

The  results  of  these  experiments  show  that  under  certain  methods  of 
feeding  and  price  combinations  the  raising  of  hogs  may  be  a  profitable 
enterprise,  but  there  are  several  factors  that  aif ect  the  net  returns 
regardless  of  the  ration  used.  The  gains  that  pigs  will  make  on  certain 
feeds  can  be  estimated  very  closely  in  advance  from  the  results  of  these 
experiments,  providing  the  pigs  are  kept  in  good  physical  condition  and 
free  from  lice  and  worms. 

LICE  AND  WOBMS 

Economical  gains  cannot  be  made  unless  the  pigs  are  kept  free  from 
pests  and  disease.  When  lice  and  worms  are  present  the  cost  of  pro- 
duction of  gains  is  greatly  increased.  It  is  an  essential  part  of  the  busi- 
ness of  hog  raising  to  keep  pigs  free  from  these  pests.  Lice  can  be 
easily  controlled  by  spraying  with  an  oil  emulsion,  and  worms  can  be 
most  effectually  prevented  by  sanitary  measures.  Pens  that  are  used 
repeatedly  for  farrowing  and  raising  pigs  are  always  sources  of  worih 
infection  unless  thoroughly  cleaned  and  disinfected,  which  is  a  difficult 
task.  It  is  therefore  much  better  to  move  the  sows  to  new  locations 
before  they  farrow.  It  has  been  found  that  stronger  litters  are  the 
result  and  that  the  pigs  make  more  rapid  gains.  The  growing  pigs  are 
most  healthy  when  they  can  run  on  new  pasture  without  access  to  old 
pens  where  pigs  have  been  previously  kept.  If  pigs  are  to  be  raised  in 
confinement  it  is  advisable,  when  possible,  to  move  the  pens  to  new  loca- 
tions. 

OBAIN-HOO  RATIO 

When  pigs  have  been  raised  with  the  best  of  care  and  the  most 
economical  feeding  methods  used  the  profits  to  be  obtained  are  still 
dependent  upon  the  ratio  of  the  price  of  grain  to  the  price  of  hogs. 
The  kind  of  ration  to  use  will  depend  to  some  extent  upon  the  relative 
prices  of  grain  and  hogs.  When  100  pounds  of  hogs  are  worth  400 
pounds  of  grain  the  ration  that  will  give  the  greatest  net  returns  will  be 
quite  different  from  the  ration  that  should  be  selected  when  100  pounds 
of  pork  is  worth  600  pounds  of  grain.  In  other  words,  the  hog  and 
grain  outlook  for  the  year  should  be  taken  into  consideration  when  the 
method  of  feeding  is  to  be  selected  for  the  pigs  dropped  in  spring  or 
fall. 
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BEPLACINO  BABI.ET  WITH  MILK  IN  BATION 
X^laui  of  Experiment. 

The  first  experiment  was  begun  in  November,  1925,  with  only  6  pigs. 
Tliey  were  divided  into  two  groups,  one  of  which  received  10%  milk 
And  2%  barley,  while  the  other  received  20%  milk  and  1%  barley. 
Tlie  two  groups  were  kept  in  separate  pens  and  each  had  access  to 
3l£alfa  hay  in  racks  at  all  times.  The  hay  fed  was  not  weighed  in  this 
e^cperiment.    The  experiment  was  continued  for  96  days. 


BUltS. 

The  pigs  in  Group  I  made  the  more  rapid  gains,  the  average  being 
.S3  pound  daily,  while  Group  II  gained  .67  pound  daily.  Each  pig  in 
Group  I  ate  70  pounds  more  of  barley  than  those  of  Group  II,  but  this 
additional  cost  was  more  than  repaid  by  greater  gains,  so  that  a  larger 
profit  was  actually  made  from  Group  I  than  from  Group  II,  even  when 
no  charge  is  made  for  the  milk.  The  results  are  reported  in  detail  in 
Table  I: 

TABLE  I— EFFECTS  OF  PABTLT  BEPLACINO  GRAIN  WITH  MILK 
Amounts  Indicate  Average  Per  Pig 

( November  12, 1926— February  16, 1926 ) 


Group  namber 

Xumber  of  days... 


Initial  weiffht  (Ibfl.)... 

Final  weight  (lbs.) 

Gain  in  weight  (Ibe.). 


Daily  gain  (Ibe.) 

Daily  gain  (per  cent)  — 

Barley  fed  (Iba.) 

Grain  per  ponnd  gain  (Ibe.) 

Mflk  fed  (lbs.) ^ 

Milk  per  pound  gain  (lbs.) 

Value  of  wl  increaBe  ®  10c 

Value  of  grain  @  2c 

Value  of  gains  over  grain  cost.. 


Ration  Fed 
10%  Milk 
2%  Barley 

Ration  Fed 
20%  Milk 
1%  Barley 

I 

II 

96 

96 

30 
110 

80 

32 

97 
66 

.83 
1.22 

.68 
1.06 

129 
1.62 

58 
.89 

633 
7.9 

1120 
17.2 

$8.00 
2.58 
5.42 

$6.50 
1.16 
5.34 

Conclusions. 

The  net  gain  in  weight  of  those  receiving  the  heavy  milk  ration  was 
not  so  great  as  the  gain  of  those  receiving  the  2%  barley  ration,  which 
indicates  that  under  the  conditions  of  this  experiment  10  pounds  of 
milk  was  not  equal  in  feeding  value  to  one  pound  of  barley.  With  hogs 
selling  at  10  cents  per  pound  the  net  return  per  pig  was  greater  for 
those  receiving  the  larger  grain  ration  even  when  no  charge  is  made 
for  milk,  but  when  the  price  receivable  for  hogs  is  only  8  cents  the 
higher  milk  ration  would  prove  to  be  the  more  profitable. 

HAND  FEEDINO  V.  SELF-FEEDER 
Plan  of  Experiment. 

Following  this  experiment  the  two  groups  were  redivided  into  two 
groups  of  practically  equal  weight  and  were  put  on  a  fattening  ration 
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Pigs  on  Alfalfa  Pasture.  Each  summer  three  groups  of  pigs  are  placed 
on  alfalfa  pasture  where  they  receive  different  milk  or  grain  rations  for 
comparison  of  economy  of  gains.  Other  groups  are  raised  in  dry  lots  where 
they  receive  rations  identical  with  those  on  pasture  except  that  they  get 
alfalfa  hay  instead  of  pasture. 


Pigs  on  Self -Feeder.  When  the  pigs  in  the  experimental  groups  reach  an 
average  weight  of  140  pounds  they  are  placed  on  self-feeders  for  finishing. 
After  three  weeks  on  self-feeders  they  usually  attain  an  average  weight  of 
nearly  200  pounds. 


Digitized  by 


Google 


Hog  Feeding  Experiments 


11 


to  compare  the  economy  of  self-feeders  with  hand  feeding  of  a  3% 
grain  ration.  In  this  experiment  ground  rye  was  fed  in  nearly  equal 
axnoixnt  with  rolled  barley.  A  10%  ration  of  skim  milk  was  fed  to 
botli  groups. 

Tlie  pigs  on  the  self-feeder  made  more  rapid  gains  than  those  fed 
tiy  liand,  but  this  may  have  been  because  the  latter  were  not  getting 
sixfficient  grain  to  make  the  maximum  growth.  The  number  of  pounds 
of  grain  required  to  make  a  pound  of  gain  was  greater  for  the  hand- 
f  ed  group.  When  the  increase  in  weight  is  credited  at  10  cents  and 
tlie  grain  charged  at  2  cents  a  pound  the  pigs  on  the  self-feeder  brought 
tlie  greatest  profit,  which  amounted  to  $1.54  per  pig  more  than  for  the 
liand-fed  group.  If  the  labor  of  feeding  is  considered,  the  margin  of 
profit  would  be  still  greater  for  there  is  a  marked  saving  in  labor  when 
tlie  self-feeder  is  used.    See  Table  II. 


TABLE  n— SELF-FEEDEBS  V.  HAND-FEEDING 
Amounts  Oiven  Indicate  Average  Per  Pig 

(February  12.  1926— April  12,  1926) 

j    Ration  Fed 
!     10%  Mi!k 
3Vr  Grain 

Group  number I  III 

X^uxnber  of  days 56 

Initial  weiKht  (lbs.) | 

FHnal  weisrht  (lbs.) 

Gain  in  weight  (lbs. ) 

Averaore  daily  gain  (lbs. ) 

Averase  daily  firain  (per  cent) „ 

Barley  fed  (Ibe,) 

Rye  fed  (Ibe. ) ^ 

Total  grain  fed. 

Milk  fed  (lbs.) 

Milk  per  pound  grain , 

Barley  fed  per  pound  grain  (lbs.) 

Rye  fed  per  pound  grain  (lbs. ) i 

Total  srain  per  pound  icain  (lbs.) 

Value  weiffht  increase  @  10c 

Value  of  grain  ^  2c I 

Profit  over  grain  cost I 


Ration  Fed 
IC/r  Milk 
Self-feeder 

IV 


102 

185 

83 

1      105 

1      216 

111 

1.48 
1.07 

1     1.98 
1.20 

122 
106 
228 

1      163 

128 
'            291 

787 
9.6 

870 

1      '•« 

1.47 
1.28 
2.75 

i     1.47 

1     1.15 

2.62 

>8.30 
4.66 
3.74 

$11.10 

5.82 

1     5.28 

SUMMER  FEEDING  EXPERIMENTS  IN  1926  WITH  VABYINQ  RATIONS 

Plan  of  Experiment. 

In  the  spring  of  1926,  21  pigs  were  secured  and  divided  into  five 
groups,  which  received  rations  as  follows : 
Group 

V 5  pigs  on  alfalfa  pasture,  no  milk,  2%  grain. 

VI 5  pigs  on  alfalfa  pasture,  10%  milk,  2%  grain. 

YII 5  pigs  on  alfalfa  pasture.  207©  milk,  1%  grain. 

VIII 3  pigs  on  alfalfa  hay,  lO^r  milk,  2%  grain. 

IX 3  pigs  on  alfalfa  hay,  20%  milk,  1%  grain. 

Until  the  pigs  of  each  group  had  reached  an  average  weight  of  100 
pounds,  they  were  fed  the  rations  indicated  above,  after  which  they 
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were  all  given  an  unlimited  grain  ration  in  self-feeders,  but  the  pas- 
ture groups  remained  in  pasture  and  the  hay-fed  groups  remained  in 
the  dry  lots  throughout  both  the  growing  and  fattening  periods.  The 
amount  of  milk  in  the  ration  during  the  fattening  period  was  retiuctd 
to  one-half  of  that  fed  during  the  growing  period.  The  results  of  the 
experiment  conducted  during  the  summer  of  1926  are  given  in  detail 
in  Tables  III  and  IV,  pages  12  and  13  of  this  bulletin. 

In  the  pasture  lots  there  was  very  little  difference  between  the  rat? 
of  gain  of  Groups  VI  and  VII,  but  where  milk  is  abundant  the  hea^i€^ 
milk  ration  would  result  in  the  most  economical  gains.  In  the  two  dry- 
lot  groups  there  was  also  a  slight  difference  in  favor  of  the  hea\7-  milk 
ration  as  shown  by  the  rate  of  gain.  This  result  is  the  reverse  of  that 
obtained  in  the  winter  feeding  of  Groups  I  and  II. 

Very  satisfactory  gains  were  made  by  all  groups  and  a  saving  in 
grain  cost  was  obtained  in  all  cases  where  milk  was  fed.  When  grain 
was  charged  at  2  cents  and  gains  credited  at  10  cents  per  pound  the 
saving  resulting  from  the  milk  appeared  to  be  greater  for  the  pigs  on 
alfalfa  hay  than  for  those  on  alfalfa  pasture.  In  this  particular  experi- 
ment the  pigs  in  the  dry  lot  made  more  economical  gains  than  those  on 
pasture,  probably  for  the  reason  that  the  pasture  was  not  quite  ample 
for  their  requirements  during  a  part  of  the  growing  season.  In  order 
to  present  the  relative  values  of  the  various  rations  in  an  easily  under- 
stood form,  the  profit  over  grain  cost  is  given.  These  profits  may  be 
easily  recalculated  for  any  other  cost  of  grain  or  value  of  gain  from 
the  data  given  in  Tables  III  and  IV. 

TABLE  V— PROFIT  FEB  PIG  ABOVE  FEED  AND  LABOR  COST 

i  Value  of  Value  of  Value  of    Value     »r^tm\      \>t 

Group  ,  Ration  jrains     Rmin  fed   milk  fed        of        „^Ji     JIIL 

(S^ioc        (a'2xr      (0l2*cwt    labor    *=**«*     ^""^ 

_ J  ^  _     _      . ' • 

V       No  milk,  alfalfa  pasture ,  $15.04  $9.66  1 $2.80  |  $12.86  12.68 

VI  I  Medium  milk  ration,  alfalfa  pasture.,  15.30  8.46  I        $1.00  '  2.52  .    n.98  3S 

VII  •  Heavy  milk  ration,  alfalfa  pasture..  15.96  7.56,          2.11  2.62       12.19  X~ 

VIII  I  Medium  milk  ration,  alfalfa  hay.  ..  16.10  9.30  >          1.13  2.80;    13.2S  2^ 

IX       Heavy  milk  ration,  alfalfa  hay 17.14,  7.22  1          2.37  2.66  |    12.25  4.» 

'Does  not  include  any  charge  for  pasture  or  for  hay. 

Winter  v.  Summer  Feeding. 

The  rations  for  Groups  I  and  II  were  identical  with  those  of  Gronps 
VIII  and  IX,  except  that  the  former  were  fed  in  winter  and  the  latter 
in  summer.  It  will  be  seen  from  Table  VI  that  more  rapid  and  econom- 
ical gains  were  made  in  summer  than  in  winter,  which  indicates  that 
cold  weather  has  the  effect  of  .slowing  up  the  gains  of  the  growing  pigfs. 
This  table  shows  the  results  for  the  growing  period  only.  During  the 
fattening  period  the  winter  and  summer  groups  were  not  handled  in 
the  same  manner  so  that  their  relative  gains  cannot  be  directly  com- 
pared. 
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TABre   VI-<}01iPABISON  OF  EFFECTS  OF  WINTEB  AND  SUBOIEB  ON 
FEED  BEQUIBEMENTS  AND  GAINS 


1             Winter,  1925-1926 

Summer, 

2%  Grain     ' 
10%  Milk 

_^      .               |. 

84                1 
74.6 
.89 

1.5 

1.20 

6.8 

1926 

2%  Grain 
10%  Milk 

1 

96 

1%  Grain 
20%  Milk 

1%  Grain 
20%  Milk 

N'omber  of  dasrs 

96 
65 

.68 
1.06 

.89 
17.2 

84 

Gatin  in  weight 

Daily  sain  (lb6.)„ 

Daily  firatin  (percent) 

Grain  x>er  pound  srain 

Millc  p«r  pound  grain . ... 

80 

.83 

1.22 

1.62 
7.98 

76 

.90 
1.6 

.64 
15.6 

WINTEB  FEEDING  EXPERIMENTS,  1926-1927 
Plan  of  Experiment. 

Twelve  weanling  pigs  having  an*  average  weight  of  30^  pounds  were 
divided  into  two  groups  with  six  pigs  in  each  group.  To  Group  X  was 
fed  a  2%  barley  ration  and  5-%  milk  ration,  and  to  Group  XI  was  fed 
a  1%  barley  ration  and  10%  milk  ration.  They  were  fed  on  the  grow- 
ing ration  until  the  average  weight  was  just  under  150  pounds,  when 
they  were  transferred  to  self-feeders.  Instead  of  the  usual  alfalfa 
hay  ration  for  pigs  in  dry  lot,  they  were  given  an  unlimited  supply  of 
alfalfa  meal. 

Bffect  of  Feedfl  on  Growth. 

The  pigs  receiving  the  smaller  grain  ration  made  up  for  it  in  part 
by  eating  63%  more  alfalfa  meal  in  addition  to  the  extra  milk.  The 
additional  alfalfa  meal  and  milk  was  not  sufficient  to  make  up  for  the 
extra  grain  received  by  Group  X,  and  the  pigs  in  Group  XI  required 
over  two  weeks  to  attain  the  same  weight.  This  slowing  down  in  the 
growth  of  those  receiving  the  smaller  grain  ration  is  illustrated  in 
Chart  I. 


ElflililiSlllfriRnilllfilillllini 


Chart  I  shows  the  difference  in  the  rate  of  growth  of  two  groups  of 
pigs  as  a  result  of  difference  in  rations.  Group  X  received  2%  grain 
and  5%  milk;  Group  XI  received  1%  grain  and  10%  milk. 
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For  each  100  pounds  of  gain  during  the  growing  period  the  two 
groups  received : 

Group  X        Group  XI 

Grain  (lbs.) 213  127 

Milk  (lbs.) 536  1268 

Alfalfa  meal  (lbs.) 148  241 

The  nutrients  received  by  each  group  per  100  pounds  gain  are  as 
follows  :• 

Group  X        Group  XI 

Protein  (lbs.) 58.1  84.8 

Total  nutrients  (lbs.) 279.7  331.5 

It  will  be  seen  from  this  that  Group  XI,  which  received  the  reduced 
grain  ration,  required  materially  more  digestible  nutrients  per  100 
pounds  of  gain  than  Group  X.  Probably  they  were  not  able  to  handle 
so  efficiently  the  increased  bulkiness  of  the  milk  and  hay. 

After  Group  X  had  reached  a  weight  of  148  pounds,  which  required 
168  days,  the  pigs  were  placed  on  the  self-feeder  Adhere  they  received 
no  other  grain  than  ground  barley.  Group  XI  was  kept  on  the  grow- 
ing ration  189  days,  at  which  time  the  average  weight  of  the  individual 
pigs  had  reached  149  pounds.  While  on  the  self-feeder  both  groups 
had  access  to  alfalfa  meal,  but  practically  none  was  eaten.  Group  X 
was  on  the  self-feeder  28  days  and  Group  XI  was  on  only  14  daj's.  It 
would  have  been  better  for  the  experiment  if  the  latter  had  been  left 
on  at  least  one  more  week  so  that  the  total  weight  would  approximate 
200  pounds.    The  detailed  results  are  shown  in  Table  VII. 

Results. 

During  both  the  growing  and  fattening  periods  the  pigs  of  Group  XI 
made  the  more  economical  gains,  so  that  the  profit  per  pig  of  this  group 
exceeded  the  profit  from  Group  X  as  shown  in  Table  VII.  The  e(»st  of 
feed  per  hundred  pounds  gain  for  Group  X  was  $6.84,  and  for  Group 
XI  it  was  $5.87.  Even  if  the  milk  were  charged  at  25  cents  per  hun- 
dred instead  of  at  12^  cents  the  margin  of  profit  would  still  be  in  favor 
of  Group  XI.    See  Table  VII,  p.  17. 

Under  the  conditions  of  this  experiment,  10  pounds  of  milk  did  not 
equal  in  feeding  value  one  pound  of  barley  for  which  it  was  substituted. 
It  is  probable  that  the  ration  received  by  Group  X  was  already  a.s 
bulky  as  the  pigs  could  handle  economically,  and  when  a  pound  of 
barley  was  replaced  by  10  pounds  of  milk  the  concentration  of  the 
ration  was  reduced  to  such  an  extent  that  the  pigs  could  not  make 
efficient  use  of  the  added  milk. 

The  cost  of  barley,  milk,  and  hay  per  pig  are  shown  graphically  in 
Chart  II,  page  18,  and  the  profits  are  indicated  by  the  height  of  the 
columns  above  the  zero  line. 

Chart  II  shows  cost  of  feed  and  profits  per  pig  over  feed  costs  from 
Groups  X  and  XI.  Group  X  received  a  2%  grain  ration  and  lO^c 
milk  ration.  Gains  were  credited  at  10  cents  per  pound,  grain  was 
charged  at  2  cents  per  pound,  milk  at  12^  cents  per  cwt.,  and  hay  at 
$10  per  ton. 

•Analyses  from  Henry  and  Morrisons  "Feeds  and  Feeding/*  16th  Edition. 
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To  calculate  the  feed  bill  for  these  two  groups  for  any  other  com- 
bination of  feed  costs  use  Chart  VII  for  Group  X,  and  Chart  Till  fo: 
Group  XI. 


Igillifi^lilil^^l^ijiji^gig^l^lls 


PIG  FEEDING  EXPERIMENTS  DUEING  THE  SUMMEB  OF  1927 
Plan  of  Experiment. 

Thirty  pigs,  ranging  in  age  from  8  to  10  weeks  were  divided  into  6 
groups,  with  5  pigs  in  each  group.    The  average  weight  per  pig  placed 
on  experiment  was  29.3  pounds.    The  groups  were  fed  as  follows: 
Group 

XII Alfalfa  pasture  and  no  milk. 

XIII Alfalfa  pasture  and  5%  milk. 

XIV Alfalfa  pasture  and  10*%  milk. 

XV Alfalfa  hav  and  no  milk. 

XVI Alfalfa  haV  and  5%  milk. 

XVII Alfalfa  hay  and  10%  milk. 

By  this  plan  the  value  of  alfalfa  hay  in  the  ration  was  compared 
with  that  of  alfalfa  pasture,  and  the  value  of  milk  as  a  supplement  to 
the  grain  ration  was  determined.  The  pigs  were  left  on  the  growing 
ration  until  they  had  attained  an  average  weight  of  from  135  to  Ho 
pounds,  when  they  were  placed  on  self-feeders  and  allowed  to  remain 
until  the  average  weight  was  from  175  pounds  to  190  pounds. 

The  area  of  pasture  for  each  group  was  .14  acre,  which  would  be  2^ 
pigs  per  acre.  The  pasture  seemed  ample  except  for  the  *'no  milk" 
group,  but  it  would  be  better  to  allow  .2  acre  to  each  group  of  five  pigs. 
It  was  noticeable  that  the  amount  of  alfalfa  pasture  eaten  became  less 
as  the  percentage  of  milk  was  increased. 

Besults. 

It  will  be  noted  by  reference  to  Tables  VIII  and  IX  that  the  rate  of 
gain  increased  with  the  feeding  of  additional  milk,  and  that  the  amount 
of  grain  decreased.    The  milk  certainly  resulted  in  a  saving  of  grain 
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and  shortened  the  time  required  to  get  the  pigs  ready  for  market.    The 
r^nlts  are  reported  in  detail  in  Tables  VIII  and  IX,  pages  20  and  21. 
The  effect  of  milk  in  the  ration  on  the  rate  of  growth  of  the  pigs  dur- 
ing the  growing  and  fattening  periods  is  shown  in  the  following  table : 

TABLE  X— EFFECT  OF  MIIiE  ON  DAILY  GAINS 


Rations 


Daily  Rain 
(irowinfc  period        FatteniuK  period  Both  periods 


Pounds     Per  cent    Pounds     Per  cent    Pounds     Per  cent 


Alfalfa  pasture,  no  milk ... 
Alfalfa  pasture.  5^r  milk.. 
Alfalfa  pasture.  lO^r  milk. 


Alfalfa  hay.  no  milk... 
Alfalfa  hay.  5^r  milk  . . 
Alfalfahay.  lO'/f  milk. 


.67 

.96 

2.08 

1.30 

.82 

1.00 

.80  1 

1.17 

1.87 

1.22 

.95 

1.18 

.89  1 

1.23  ! 

1.96 

1.18 

1.04 

1.22 

.54 

.79 

1.78 

1.10 

.69 

.83 

.72 

1.02 

2.38 

1.43 

.92 

1.07 

.87 

1.21 

1.80  1 

1 

1.11 

1.00 

1.20 

These  results  indicate  that  during  the  growing  period  milk  greatly 
stimulates  the  growth,  but  during  the  fattening  period  it  apparently 
had  little  or  no  beneficial  effect.  However,  it  is  not  possible  to  make  an 
accurate  comparison  in  this  manner  during  the  fattening  period,  since 
the  various  groups  did  not  start  into  that  phase  of  the  experiment  on 
^n  equal  basis.  To  determine  accurately  the  value  of  milk  in  the  ration 
during  this  period  would  require  a  change  in  the  plan  of  experiment 
whereby  each  group  w^ould  be  again  subdivided  into  those  receiving 
milk  and  others  receiving  no  milk  in  the  ration. 


QMu^dLM: 


^  A-  All 


iT- 

5:::  ^ 

m"^ 

^. 

£tr: 

ilU-- 

Chart  III  shows  the  effect  of  the  addition  of  milk  to  the  ration  on  the 
rapidity  of  growth  of  pigs  in  alfalfa  pasture.     All  pigs  receive  2% 


grain  ration. 


Group 
XII... 
XIII.. 
XIV... 


...No  milk  in  ration. 
-.57c  milk  in  ration. 
-12%  milk  in  ration. 
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Chart  IV  shows  the  effect  of  the  addition  of  milk  to  the  ration  on  the 

rapidity  of  growth  of  pigs  in  dry  lot.     All  pigs  receive  a  2%  grain 

ration.         ^. .  .  « 
Group 

XV No  milk  in  ration. 

XVI 5%  milk  ration. 

XVII 10%  milk  ration. 

Value  of  Milk  in  Ration. 

Milk  in  the  ration  does  not  have  anything  like  a  constant  value.  Its 
value  fluctuates  according  to  the  price  of  the  grains  fed,  the  kind  and 
value  of  the  roughage  included  in  the  ration,  the  charge  per  hour  for 
labor,  and  the  per  cent  of  milk  fed.  Milk  increases  in  value  with  the 
rise  in  price  of  grain,  roughage,  and  labor.  Milk  is  worth  less  per 
hundredweight  when  fed  in  a  10  or  20  per  cent  than  in  a  5  per  cent 
ration,  as  the  pigs  seem  to  make  better  use  of  it  when  fed  to  them  in 
limited  quantities.  It  is  more  essential  to  the  growth  of  the  pigs  when 
they  are  in  dry  lot  than  when  they  are  in  pasture.  Attempts  have  been 
made  to  evaluate  milk  as  a  hog  feed,  but  these  evaluations  are  practi- 
cally worthless  without  giving  at  the  same  time  details  of  the  method 
used  in  securing  them. 

In  order  to  give  some  idea  of  the  value  of  milk  as  a  hog  feed,  and  to 
show  variations  in  value,  the  following  Table  XI  has  been  prepared 
from  the  results  of  the  1927  experiments,  in  which  grain  was  charged 
at  $2  per  cwt.,  ha}^  at  $10  per  ton,  and  labor  at  40  cents  per  hour. 

TABLE  XI— VALUE  OF  SKIM  MILE  FEB  HUNDBEDWEIGHT 

Pasture  |  Dry  Lot 

5 '^r  milk  lO'Tr  milk  69^  milk       j      10<*^  milk 

Calculated  from  saving  of :  ~  ^ 

Grain  only 21  18  38  2€ 

Grain  and  hay 25  17  41  SO 

Grain,  hay  and  labor 32  23  56  41 


Inspection  of  the  above  table  makes  it  obvious  that  one  cannot  state 
the  value  of  milk  in  the  ration  without  at  the  same  time  describing  the 
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xnethod  of  making  the  calculations.  Usually  its  value  is  stated  in 
ti^xms  of  the  grain  saved,  but  it  also  saves  roughage  and  labor.  With 
otrlier  conditions  equal,  the  addition  of  milk  to  the  ration  shortens  the 
t^iime  required  to  get  the  hogs  ready  to  market  and  there  is  a  marked 
ss^ving  in  labor  which  should  certainly  be  credited  to  the  milk. 

The  full  value  of  skim  milk,  based  upon  the  saving  of  hay,  grain, 
si^Tid  labor,  varied  in  the  experiments  reported  above  from  23  cents  to 
S6  cents  per  hundredweight,  with  grain  charged  at  $2  per  cwt.,  but  if 
g^rain  is  raised  to  $2.50  per  cwt.,  the  range  in  value  of  skim  milk  would 
xrary  from  26  to  65  cents.  Likewise,  a  change  in  the  cost  of  hay  or 
labor  would  make  necessary  a  recalculation  of  the  milk  values. 

PIG  FEBDINO  EXPEBIMENTS  DUBINQ  THE  WINTEE  OF  1927-1928 
X^an  of  Experiment. 

In  the  previous  experiments  during  the  summer  of  1927,  the  grain 
xation  was  constant  to  all  groups  and  only  the  percentage  of  milk  in 
the  ration  was  varied,  as  the  experiments  were  designed  to  give  infor- 
mation in  regard  to  the  effect  of  milk  in  the  ration  on  the  economy  of 
g'ains.  During  the  winter  of  1927-1928  the  milk  in  the  ration  remained 
constant  at  10%  of  the  weight  of  the  pigs,  but  the  grain  in  the  ration 
ikvas  varied  so  as  to  determine  the  economy  of  gains  from  light,  medium, 
and  heavy  feeding  of  grain. 

Fifteen  pigs  were  divided  into  three  groups  of  five  pigs  each,  and 
fed  rations  as  follows : 
Group 

XVIII....2%  grain  for  16  weeks  followed  by  self- 
feeder  for  4  weeks. 

XIX 4%  grain  for  16  weeks. 

XX Self-feeder  for  12  weeks. 

Tankage. 

This  was  the  first  experiment  having  tankage  added  to  the  grain 
ration.  The  amount  of  tankage  in  the  grain  ration  amounted  to  67c 
to  Group  XVIII,  6.6%  to  Group  XIX,  and  only  2.6%  to  Group  XX. 
This  latter  group,  which  was  fed  throughout  the  experiment  by  self- 
feeder,  had  the  tankage  in  a  separate  bin  from  the  barley,  and  the  pigs 
ate  only  as  much  as  they  desired.  The  other  two  groups  were  hand-fed, 
and  the  tankage  equalled  10%  of  the  grain  for  the  first  10  weeks  and 
then  was  reduced  to  5%  of  the  required  grain  ration  in  the  succeeding 
weeks. 

Besults. 

As  would  be  expected,  the  rate  of  daily  gain  increased  with  the 
amount  of  grain  fed,  and  the  number  of  weeks  required  to  get  the  pigs 
ready  for  market  decreased.  It  took  19  weeks  to  get  the  2%  grain 
group  to  180  pounds;  16  weeks  for  the  4%  grain  group;  and  only  12 
weeks  for  the  self-feeder  group.  The  2%  grain  group  was  actually  fed 
for  20  weeks,  but  they  had  reached  the  average  weight  of  180  pounds 
at  19  weeks.  The  amount  of  grain  required  per  pound  gain  was  small- 
est for  the  2%  group  and  greatest  for  the  self-feeder  group,  the  amount 
required  per  pound  gaii\  being  2.6  pounds  for  the  2%;  group,  3  pounds 
for  the  4%  group,  and  3.7  pounds  for  the  self-feeder  group.  As  the 
amount  of  grain   eaten   was   increased   the   amount   of   alfalfa   hay 
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consumed  was  decreased  so  that  the  total  nutrients  required  per  pound 
gain  was  not  widely  different.  It  is  apparent  that  the  most  economical 
gains  were  made  with  the  2%  grain  ration,  even  when  the  time 
required  is  taken  into  consideration  and  labor  charged  at  40  cents  per 
hour.  This  same  experiment  is  to  be  duplicated  in  both  pasture  and 
dry  lot  during  the  summer  of  1928.  The  results  are  reported  in  detail 
in  Table  XIII. 

TABLE  Xin— HOG  FEEDIKO  EXPERIMENT 
Average  Per  Pig.    Winter  of  1927-1928 


Group  number 

Experiment  beRun 

Experiment  ended 

Number  of  days 

Initial  weight  ( lbs. ) 

Final  weight  ( Ibe. ) 

Gain  in  weight  (lbs.) 

Daily  gain  (lbs.) 

Daily  gain  (percent) 

Barley  fed  (lbs.) 

Barley  per  cwt.  gain  (Ibe.) 

Tankage  fed  (lbs.)  

Tankage  per  cwt.  gain  (lbs. ) . 

Milk  fed  (lbs.) 

Milk  per  cwt.  gain  ( lbs. ) 

Hay  fed  (lbs. ) 

Hay  per  cwt.  gain  (lbs.) 


2%  Grain 
10%  Milk 

4%  Grain 
10%  Milk 

Self-feed 
10%  Mill 

XVIII 

XIX 

XX 

Nov.  22 

Apr.  10 

140 

Nov.  22 

Mar.  18 

112 

Nov.  22 

Feb.  14 

84 

48.8 
198.0 
154.2 

44.0 
184.2 
140.2 

44.0 
180.0 
136.0 

1.10 
1.09 

1.26 
1.29 

1.62 
1.69 

876.8 
244 

394.0 
281 

495.0 
364 

23.2 

15 

28.0 
20 

13.4 
10 

1230 
798 

1066 
753 

1028 
756 

146 
96 

54 
39 

19 
14 

1-fe 


Chart  V  shows  effect  of  amount  of  f^^rain  in  the  ration  on  rapi(iitv  of 
growth. 

XX V\^^  on  self-feeder. 

XIX Pijrs  receiving  4%  grain  ration. 

XVIII.... Pigs  receiving  2%  grain  ration  for  16 
weeks  and  on  self-feeder  for  4  wrecks. 
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Chart  VI  shows  effect  of  amount  of  grain  in  the  ration  on  profit  per 
pig  when  gains  are  credited  at  10c. ,  grain  charged  at  2c.  per  pound, 
milk  at  20c.  per  cwt.,  and  hay  at  $10  per  ton.  At  these  prices  the 
heavy  grain  rations  were  least  profitable. 


EFFECT  OF  WEIGHT  AND  AGE  ON  ECONOMY  OF  GAINS 

More  grain  is  required  per  pound  gain  as  the  pigs  grow  older  and 
heavier.  Just  after  weaning,  when  they  weigh  25  to  50  pounds,  only 
1.4  pounds  grain  was  required  per  pound  gain,  but  this  requirement 
gradually  increased  up  to  the  time  they  w^ere  transferred  to  the  self- 
feeders  at  150  pounds.  At  this  time  2.9  pounds  grain  was  reciuired 
per  pound  gain. 


TABLE  XIV— EFFECT  OF  AGE  OF  HOGS  ON  ECONOMY  OF  GAINS 
Pounds  Grain  Per  Pound  Gain 


Afire— Weeks 


8-12 1.7 

12-16  ...  '  1.7 

16-20 _- 1.9 

20-24 1.9 

24-28 i  2.2 

28-32 2.8 


XI       XII      XIII     XIV  i   XV 


1.0 
1.0 
1.4 
.9 
1.5 
1.5 


i.4! 

1.2' 

1.1 

1.6 

1.6 

1.5 

1.7 

1.7 

1.7 

3.8 

2.3 

1.8 

9  4 

3.0  1 

XVI    XVII      Total      Average 


1.4 
1.5 
19 


2.2 

1.4 

1.2 

11.2  1 

1.7 

1.5 

1.3  ' 

11.9' 

2.8 

2.1 

2.0 

15.8 

2.4 

2.3 

1.8 

17.2  1 

1.8 

2.4 

lO.S 

4.1 

11.4 

2.1 
2.8 


TABLE  XV— EFFECT  OF  WEIGHT  OF  HOGS  ON  ECONOMY  OF  GAINS 
Pounds  Grain  Per  Pound  Gain 


Weight— Pounds 


XII 


20-50 1.6 

50-75 - 1.7 

75-100.. 2.0 

100-125 3.9 

125-150 2.7 


nil 

XIV 

1 

XV 

XVI 

XVII 1 

Total 

Averwe 

1.2 

1.1 

1.9 

1.4 

1.2 

8.4 

14 

1.5 

1.2 

2.7 

1.8 

1.5 

10.4 

1.' 

1.7 

2.1 ; 

2.6 

2.4 

1.8 

12.6 

2.1 

2.5 

1.8 

3.3 

2.1 

2.1 

15.7 

t.^ 

2.6 

3.0 

3.9 

3.0 

2.0 

17.2 

2.S 
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QBAIK  AND  MILE  BEQUIBED  TO  BAISE  PIQS  TO  WEANINO  AGE 
Five  sows  farrowed  in  the  spring  of  1927,  producing  39  pigs,  from 
which  30  of  the  largest  were  selected  for  the  summer  experiments.  The 
feed  given  to  the  sows  and  pigs  up  to  the  time  of  weaning  was  recorded 
and  is  shown  in  Table  XVI.  The  sows  received  all  the  alfalfa  hay  they 
would  eat,  but  this  was  not  weighed. 

To  raise  a  pig  from  birth  to  weaning  at  9  weeks  required  32.3  pounds 
of  grain  and  196  pounds  of  milk,  in  addition  to  an  unknown  amount 
of  alfalfa  hay.  The  average  weight  of  the  pigs  at  weaning  time  was 
29.3  pounds  each. 

TABLE  XVI— RATION  OF  AVEBAQE  SOW  WITH  LITTEB  OF  7.8  PIOS 
Average  of  5  Sows  and  29  Pigs 


Ration  per  week 


Ration  per  day 


Nutrients  per  day 


AKe  of  pijfs.  weekfi 


7 

8 

9 

Totals 

Total  per  pis . 


Grain 
pounds 

Milk 
pounds 

Grain 
pounds 

Milk 
pounds 

Crude 
protein 

Total 
nutrients 

18.66 
17.16 
20.66 

143 
164 
160 

1.96 
2.46 
2.94 

1 
20.4 
22.0 
22.8 

.96 
1.07 
1.16 

3.26 
3.76 

1                6.02 

24.16 
27.66 
31.16 

166 
166 
166 

3.46 
3.94 
4.46 

23.7 ; 

23.7 
23.7 

1.26 
1.31 
1.36 

6.60 
6.86 
6.20 

36.85 
41.66 
40.50 

166 
172 
208 

5.03 
6.93 
5.80 

28.7 

24.6  . 

29.7  } 

1.43 
1.67 
1.74 

6.64 

7.40 
7.96 

261.90 

1501 

36.94 

214.2  ' 

11.84 

61.59 

32.30 

192 

4.60 

-i 

1.52 

6.60 

Note — The  alfalfa  hay  eaten  in  addition  to  the  grain  and  milk  is  not  included 
in  this  table. 

ALFALFA  HAY  EATEN  BY  PIGS  IN  DBY  LOT 

It  is  interesting  to  know  the  amount  of  alfalfa  hay  a  pig  will  eat  in 
addition  to  the  grain  and  milk.  The  amount  varies  inversely  of  course 
with  the  percentage  of  concentrates  and  milk  they  receive.  The  fol- 
lowing table  shows  the  amount  of  hay  eaten  by  various  groups : 


Ration 


X 

XI 

XV 

XVI 

XVII 

xvni 

XIX 
XX 


1%  Krain.  5^y  milk  .. 
l'^  irrain,  lOfr  milk . 
2%  ffrain.  no  milk... 
2^r  ^rain.  b^c  milk  .. 
2%  «nSn,  109r  milk  . 
2'^'  ^rain.  W/f  milk  . 
A^fc  mrain.  10^'r  milk  . 
Self-fed.  10^  milk  .. 


I 


Hay  eaten 

Time  of 

Per  pig, 

Perewt. 

year 

lbs. 

gain 

lbs. 

175 

102 

Winter 

284 

181 

Winter 

217 

132 

Summer 

152 

95 

Summer 

93 

60 

Summer 

146 

96 

Winter 

54 

39 

Winter 

19 

14 

Winter 

Alfalfa  was  fed  to  Groups  X  and  XI  in  the  form  of  alfalfa  meal. 
In  general,  it  looks  as  if  more  hay  was  required  for  identical  rations  in 
winter  than  in  summer. 
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PART  II 
THE  ECONOMICS  OF  HOG  PRODUCTION 


CONSTANTLY  CHANGINa  PRICES 

In  discussing  the  preceding  experiments  the  costs  of  gains  were 
calculated  at  fixed  prices  for  grain  and  milk.  The  arbitrarily  assumed 
price  for  grain  was  taken  at  2  cents  per  pound,  and  no  charge  was 
made  for  labor  or  overhead.  Now  it  is  evident  that  prices  are  con- 
stantly fluctuating,  both  those  that  enter  into  the  costs  and  those  that 
are  received  for  the  hogs,  so  that  any  arbitrary  combination  of  prices 
that  may  be  adopted  will  be  of  little  permanent  value. 

CAI.CUI.ATED  PROFITS  OF  ONLY  TEMPORARY  VALUE 
In  Chart  II  was  shown  the  cost  of  feed  per  pig  of  Groups  X  and  XI 
under  one  set  of  price  conditions,  but  that  chart  is  of  no  value  when 
the  farmer  wishes  to  know  the  cost  of  feed  and  profits  with  grain,  milk, 
or  hay  at  other  values.  Again  the  statement  of  profits  in  Table  VII  is 
of  only  temporary  value,  for  under  a  different  set  of  price  conditions 
the  relative  costs  and  profits  will  be  altered  and,  under  some  conditions, 
profits  will  turn  to  losses. 

USE  OF  TABLE  IMPRACTICAL 

Tables  which  would  show  all  possible  combinations  of  the  prices 
which  affect  the  costs  and  profits  of  the  various  hog  experiments  would 
require  many  pages,  and  would  be  impractical  to  use.  The  results  of 
our  feeding  experiments  with  hogs  are  of  practical  use  to  farmers  only 
in  case  the  physical  data  are  given  in  such  a  manner  that  calculations 
of  feed  and  labor  costs  can  be  easily  made  at  any  time  in  the  future. 
These  physical  data  have  been  given  in  tables  of  the  previous  section, 
and  the  results  can  be  adapted  to  new  price  conditions  by  making  the 
necessary  mathematical  computations.  However,  in  actual  practice, 
these  computations  are  almost  never  made  by  farmers,  and  the  results 
of  expensive  investigations  are  often  little  used,  and  are,  therefore,  of 
comparatively  little  value  because  the  results  are  too  difficult  to  inter- 
pret in  the  light  of  changing  conditions. 

USE  OF  CALCULATING  CHARTS 

If  tables  or  charts  could  be  prepared  that  would  simplify  the  work 
of  calculating  pork  production  costs  of  the  various  rations,  the  value 
of  hog  feeding  investigations  would  be  many  times  greater  than  they 
have  been  under  the  older  system  of  making  reports.  In  Bulletin  234 
of  the  Illinois  Agricultural  Experiment  Station,  H.  II.  Mitchell  has 
suggested  the  use  of  certain  graphical  methods  for  calculating  the 
financial  phases  of  feeding  experiments.  An  adaptation  of  the  charts 
shown  by  him  makes  possible  the  quick  and  easy  calculation  of  feed 
bills,  so  that  the  probable  cost  of  production  of  pork  per  hundredweight 
for  any  ration  used  in  these  experiments  can  be  calculated  in  a  moment 
for  any  combination  of  feed  and  labor  costs.     The  intelligent  use  of 
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these  charts  should  make  possible  the  selection  of  that  ration  which 
will  result  in  the  most  economical  gains  under  the  controlling  price 
conditions  of  the  moment. 

VALUE  OF  OOST  OALCULATINa  CHARTS 

These  charts  should  be  of  value  to  farmers  in  determining  the  proba- 
ble cost  of  gains  of  pigs  that  he  is  starting  to  feed  under  the  price 
conditions  of  that  particular  season.  He  can,  in  this  manner,  make  a 
fairly  close  estimate  of  the  probable  feed  costs,  and  will  know  the  price 
at  which  pork  must  sell  in  order  to  make  expenses  when  the  pigs  are 
ready  for  market.  With  these  charts  the  "Hog  Outlook"  for  the  com- 
ing season  as  prepared  by  the  U.  S.  Department  of  Agriculture  should 
have  an  added  value,  for  the  farmers  will  be  able  to  adjust  their  type 
of  rations  to  this  forecast.  The  discussions  later  on  in  this  bulletin 
show  that  rations  should  be  modified  to  suit  varying  feed  and  pork 
prices.  A  combination  that  is  most  profitable  under  one  set  of  grain 
and  hog  prices  is  not  necessarily  the  most  profitable  under  other  sets 
of  conditions. 

HOW  TO  USE  CHARTS  TO  CALCULATE  FEED  AND  LABOR  COSTS 

Refer  to  Chart  VII.  Assume  the  following  prices:  Grain  $2  per 
cwt.,  skim  milk  10c.  per  cwt.,  hay  $15  per  ton,  and  labor  40c.  per  hour. 
The  dotted  lines  are  put  in  as  a  guide  on  this  chart  only. 

1.  Lay  a  ruler  from  the  price  of  grain  in  scale  A  to  the  price  of  milk 
per  hundredweight  in  scale  B.  Where  the  ruler  crosses  scale  X  make 
a  pencil  mark.  This  represents  the  cost  of  grain  and  skim  milk  per 
hundredweight  gain.  (In  Chart  VII  the  dotted  line  shows  a  cost  of 
$6.20  for  grain  and  milk). 

2.  Lay  the  ruler  from  the  pencil  point  in  scale  X  to  the  price  of  hay 
per  ton  in  scale  C,  and  make  a  light  pencil  mark  where  the  ruler  crosses 
scale  Y.  This  point  represents  the  cost  of  grain,  milk  and  hay.  (In 
Chart  VII  the  dotted  line  shows  a  cost  of  $7  for  grain,  milk,  and  hay). 

3.  Lay  the  ruler  from  the  pencil  point  in  scale  Y  to  the  value  of 
your  labor  per  hour,  and  make  a  light  pencil  mark  across  scale  Z. 
This  point  represents  the  full  cost  of  feed  and  labor  and  is  the  price 
you  should  get  per  hundredweight  for  the  hogs  in  order  to  get  full 
pay  for  your  labor  and  feed.  (In  Chart  VII  the  full  feed  and  labor 
cost  is  shown  to  be  $9.20  per  hundredweight  gain.  To  this  should  be 
added  a  flat  charge  of  $0.60  per  cwt.  to  pay  for  taxes,  overhead,  depre- 
ciation, and  upkeep  of  buildings  and  equipment,  making  a  total  cost 
per  hundredweight  gain  of  $9.80). 
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Chart  VII  is  for  calculating  feed  and  labor  costs  of  Group  X. 

Time Winter. 

Ration...  2%  grain 285  lbs.  per  cwt.  gain. 

5%  milk 507  lbs.  per  cwt.  gain. 

Alfalfa  meal 102  lbs.  per  cwt,  gain. 

Labor 196  days 5.7  hrs.  per  cwt.  gain. 
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Chart  VIII  is  for  calculating  feed  and  labor  costs  of  Group  XI. 

Time Winter. 

Ration...  1%  grain 180  lbs.  per  cwt.  gain. 


Labor.. 


10%  milk 1096  lbs.  per  cwt.  gain. 

Alfalfa  meal 181  lbs.  per  cwt.  gain. 

.203  days 6.5  hrs.  per  cwt.  gain. 
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Chart  IX  is  for  calculating  feed  and  labor  costs  of  Grou 

Time Summer. 

Ration...  2%  grain 284  lbs.  per  cwt. 

No  milk 0  lbs.  per  cwt. 

Alfalfa  pasture 132  lbs.  per  cwt. 

(Hay  equivalent) 

Labor 189  days 6.05  hrs.  per  cwt. 
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Chart  X  is  for  calculating  feed  and  labor  costs  for  Group  XIII. 

Time Summer. 

Ration...  2%  grain 237  lbs.  per  cwt.  gain. 

5%  milk 450  lbs.  per  cwt.  gain. 

Alfalfa  Pasture 95  lbs.  per  cwt.  gain. 

(Hay  equivalent) 

Labor 154  days x .5.25  hrs.  per  cwt.  gain. 
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Chart  XI  is  for  calculating  feed  and  labor  costs  of  Group  XIV. 

Time Summer. 

Ration...  2%  grain 226.1  lbs.  per  cwt.  gain. 

10%  milk E81.6  lbs.  per  cwt.  gain. 

Alfalfa  pasture 60    lbs.  per  cwt.  gain. 

(Hay  equivalent) 

Labor 154  days !....  4.8  hrs.  per  cwt.  gain. 
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Chart  XII  is  for  calculating  fed  and  labor  costs  of  Group  XV. 

Time Summer. 

Ration.. .2%  grain 350  lbs.  per  cwt.  gain. 

No  milk 0  lbs.  per  cwt.  gain. 

Alfalfa  hay 132  lbs.  per  cwt.  gain. 

Labor 224  days 7.3  hrs.  per  cwt.  gain. 
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Chart  XIII  is  for  calculating  feed  and  labor  costs  of  Group  XVI. 

Time Summer. 

Ration...  2%  grain 255.9  lbs.  percwt.  gain. 

5%  milk 500    lbs.  percwt. gain. 

Alfalfa  hay 95    lbs.  per  cwt.  gain. 

Labor 175  days 5.45  hrs.  percwt.  gain. 
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Chart  XIV  is  for  calculating  feed  and  labor  costs  of  Group  XVII. 

Time Summer. 

Ration.. .2%  gr^in 235.8  lbs.  per  ewt.  gain. 

10%  milk .871     lbs.  per  cwt.  gain. 

Alfalfa  hay 60    lbs.  per  cwt.  gain. 

Labor 154  days 5     hrs.  per  cwt.  gain. 
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Chart  XV  is  for  calculating  feed  and  labor  costs  of  Group  XVIII. 

Time Winter. 

Ration. -2%  grain 259  lbs.  per  cwt.  gain.* 

10%  milk 798  lbs.  per  cwt.  gain. 

Alfalfa  hay 96  lbs.  per  cwt.  gain. 

Labor 140  days 4.55  hrs.  per  cwt.  gain. 

♦Includes  15  lbs.  tankage. 
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Chart  XVI  is  for  calculating  feed  and  labor  costs  of  Group  XIX. 

Time .Winter. 

Ration...  4%  grain 301  lbs.  per  cwt.  gain.* 

10%  milk 758  lbs.  per  cwt.  gain. 

Alfalfa  hay 39  lbs.  per  cwt.  gain. 

Labor 112  days 4  hrs.  per  cwt.  gain. 

♦Includes  20  lbs.  tankage. 
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Chart  XVII  is  for  calculating 

Time Winter. 

-   Ration...  Grain*  from  self 

10%  milk 

Alfalfa  hay 

Labor 84  days 

♦Includes  10  lbs. 


feed  and  labor  costs  of  Group  XX. 

feeder....  374  lbs.  per  c\yt,  gain. 

756  lbs.  per  cwt.  gain. 

14  lbs.  per  cwt.  gain. 

3.1  hrs.  per  cwt  gain. 

tankage  per  cwt.  gain. 


HOW  THE  CALCULATINa  CHABTS  MAY  BE  USED 
Example  No.  1. 

A  farmer  has  litters  of  early  spring  pigs  and  wishes  to  find  the  most 
economical  ration  and  the  probable  profit  or  loss.  Assume  the  present 
value  of  rolled  barley  to  be  $1.75  per  cwt.,  milk  15  cents  per  cwt.,  hat 
$8  per  ton,  and  the  value  of  labor  40  cents  per  hour.  The  farmer 
notes  that  the  present  price  of  hogs  is  8  cents  and  that  the  hog  outlook, 
as  given  by  the  U.  S.  Department  of  Agriculture,  is  only  slightly  opti- 
mistic. At  least  no  decline  in  prices  is  looked  for.  Which  is  the  most 
economical  ration  to  use,  and  is  there  a  fair  chance  of  making  a  profit  f 

By  referring  to  Table  XVII  it  can  be  seen  at  a  glance  that  there  were 
6  summer-fed  groups,  4  of  which  received  milk  in  the  ration.  The 
charts  corresponding  to  the  milk-fed  groups  are  numbers  X,  XI,  XIII. 
and  XIV.  Calculations  from  these  four  charts  on  the  basis  of  the 
prices  above,  indicate  costs  per  hundredweight  gain  as  follows : 
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Rations 


5^  milk,  pasture,  2%  srrain.... 
lO^c  milk,  pasture,  2%  srrain.. 

6<^  milk,  hay,  2%  srain 

1096  milk,  hay,  2%  srain 


Cost  of 
Feed  Feed  and  labor 


$6.20 
5.60 
5.60 
6.70 


$7.80 
7.44 


It  is  evident  that  the  cheapest  gains  will  be  made  on  alfalfa  pasture 
and  that  there  is  little  choice  between  the  5%  and  10%  milk  ration. 
When  60  cents  overhead  is  added  on  to  the  feed  and  labor  costs,  it 
brings  the  total  cost  of  producing  gains  up  to  $7.90  per  cwt.,  which 
means  that  with  hog  prices  remaining  stationary  the  farmer  will  secure 
a  fair  market  for  his  feed  and  labor.  If  the  price  of  hogs  should  rise, 
a  dividend  will  be  obtained  over  and  above  the  cost  of  production. 

Example  Ko.  2. 

In  the  fall  of  the  year  let  us  assume  that  a  farmer  finds  prices  to  be 
as  follows:  Grain  $2,  milk  15c.,  hay  $10,  and  labor  40c.  The  pres- 
ent price  for  hogs  is  S^c.  but  the  outlook  as  reported  by  the  U.  S. 
Department  of  Agriculture  is  decidedly  optimistic.  What  are  the 
chances  of  securing  profitable  returns  ? 

By  looking  at  Table  XIV  it  is  seen  that  the  calculating  charts  for  the 
winter-fed  groups  are  VII,  VIII,  XV,  XVI,  and  XVII.  Calculations 
made  from  the  charts  for  these  groups  show  production  costs  at  current 
prices  to  be  as  follows : 


Chart 


VII 
VIII 

XV 
XVI 
XVII 


RationB 


;  2%  irrain,  6%  milk... 

1%  srrain,  10%  milk. 

2%  srrain,  10%  miUc. 
I  4%  srrain,  10%  milk. 

Self-fed.  10%  milk... 


Cost  per  cwt.  g»in  of 

Feed  and  labor 


Feed 


$7.00 
6.15 
6.86 
7.36 
8.70 


$9.26 
8.76 
8.70 
8.96 
9.90 


It  is  apparent  that  full  returns  for  labor  cannot  be  secured  if  the 
price  of  hogs  should  not  rise  above  $8.50  per  cwt.,  but  the  pigs  can  be 
fed  by  any  of  the  first  four  methods  without  an  actual  loss  on  feeds. 
Either  the  1%  or  2%  grain  plus  10%  milk  ration  appears  to  be  the 
most  economical  to  use  under  these  conditions.  Since  the  outlook 
report  indicated  a  possible  advance  in  prices,  the  farmer  would  be 
justified  in  taking  a  chance  on  carrying  the  pigs  to  maturity,  knowing 
that  even  if  no  advance  in  hog  prices  occurred  there  would  still  be  a 
profit  over  the  feed  costs.  The  only  sacrifice  would  be  that  he  would 
not  receive  the  full  40  cents  per  hour  for  his  labor. 

FACTOBS  APFECTINa  COST  OF  PRODUCTION  AND  PROFIT 
Market  Price  of  Pork. 

The  most  obvious  variable  factor  affecting  profits  is,  of  course,  the 
price  per  pound  received  for  the  hogs  when  they  are  marketed.  This 
price  is  under  the  control  of  the  farmers  only  to  a  very  limited  extent, 
and  that  is  by  the  finish,  quality,  weight,  and  season  of  the  year  when 
marketed.    In  some  of  the  local  Nevada  markets  even  these  factors  are 
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not  taken  into  consideration,  and  the  farmer  who  produces  hogs  of  the 
highest  quality  receives  no  more  per  pound  than  does  the  farmer  idio 
markets  ill-fed,  unfinished  hogs.  This,  of  course,  is  a  condition  that 
should  be  corrected.  Those  who  produce  hogs  in  sufficient  number  to 
ship  to  the  coast  markets  can,  however,  control  to  a  slight  extent  the 
price  received. 

Seasonal  Price  Fluctuatioiui. 

The  average  market  price  varies  from  month  to  month  and  is  usualhr 
highest  in  August  and  lowest  in  November.  The  average  price  paid 
for  hogs  on  the  San  Francisco  markets  is  shown  by  the  graph  on  Chart 
XVIII.  It  is  evident  that  when  early  spring  pigs  are  dropped  it 
would  generally  be  most  profitable  to  force  the  feeding  so  they  could 
be  marketed  in  August  or  September,  for  if  they  are  fed  a  limited 
ration  and  are  not  ready  for  market  until  October  or  November  the 
price  received  per  pound  will  on  the  average  be  from  one  to  two  cents 
lower.  Forced  feeding  may  slightly  increase  the  cost  per  pound  gain, 
but  when  feeding  January  or  February  pigs  this  increased  cost  may 
usually  be  disregarded,  as  it  will  be  more  than  offset  by  the  advance  in 
price  of  the  hogs.  The  seasonal  price  changes  for  barley  are  not  suf- 
ficiently great  to  be  worth  taking  into  consideration. 


Chart  XVIII,  curve  showing  average  monthly  price  paid  for  hogs 
in  the  San  Francisco  markets.  Years  averaged,  1918-1927.  Note  that 
the  peak  prices  are  received  in  April  and  August,  and  the  lowest 
average  monthly  price  is  in  December. 

Market  Price  of  Grain. 

The  next  most  powerful  factor  influencing  profits  is  the-market  price 
of  the  grain  fed.  The  grain  should  be  charged  against  the  hogs  at  the 
price  the  farmer  pays,  or  at  the  price  he  would  receive  if  the  grain  were 
marketed.  The  only  control  the  farmer  has  over  this  price  is  in  the 
selection  of  the  kind  of  grain.  Either  corn  or  barley  may  be  used,  and 
the  one  should  be  selected  which  costs  least  per  pound,  except  that 
when  the  prices  are  approximately  equal  the  preference  should  be  given 
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to  corn.  The  grain  requirements  of  hogs  are  less  in  summer  than  in 
winter,  so  that  less  grain  is  necessary  to  produce  pork  in  summer  than 
in  winter. 

Value  of  Hay  and  Milk. 

The  value  placed  on  hay  has  little  effect  upon  the  cost  of  production 
except  when  very  limited  grain  rations  are  fed.  The  value  placed  upon 
the  milk,  however,  has  a  marked  effect  on  the  cost  of  gains,  as  milk  may 
constitute  a  large  part  of  the  hog  ration.  A  value  should  be  placed  on 
the  skim  milk  even  though  it  has  no  cash  market  value.  Feed  and 
labor  have  been  expended  in  producing  and  caring  for  it,  and  the  dairy 
herd  should  be  given  fair  credit  for  this  as  well  as  for  the  butterfat. 
Where  skim  milk  or  buttermilk  has  a  cash  value  it  usually  ranges  from 
one  to  two  cents  a  gallon  (11^  to  23  cents  per  cwt.). 

Value  of  Labor. 

The  time  required  to  finish  pigs  varies  according  to  the  efficiency  of 
the  ration.  Whenever  the  grain  or  milk  in  the  ration  is  reduced,  the 
time  required  to  fatten  the  pigs  is  increased,  and  with  it  the  labor  cost. 
The  rate  that  is  charged  per  hour  for  labor  may  vary  somewhat,  but  it 
should  be  sufficient  to  cover  the  average  cost  per  hour  of  hired  labor 
plus  the  cost  of  board. 

Overhead  Ckmts. 

These  costs  are  made  up  of  taxes,  equipment  and  building  upkeep 
and  depreciation,  miscellaneous,  veterinary  and  medicine  costs.  The 
average  overhead  cost  per  hundredweight  of  hogs  produced  on  private 
farms  in  western  Nevada  was  found  to  be  64  cents.  For  this  report  a 
flat  rate  of  60  cents  per  cwt.  is  used  by  adding  it  to  the  cost  of  feed  and 
labor  as  found  on  the  calculating  charts. 

Definition  of  the  Term  "Profit." 

The  term  "profit''  is  used  in  a  great  variety  of  ways  when  applied 
by  farmers  to  the  financial  outcome  of  their  enterprises.  Very  fre- 
quently it  is  used  to  designate  the  amount  received  over  the  value  of 
the  grain  fed,  no  account  being  taken  of  the  milk,  hay,  and  labor.  In 
this  report  hogs  are  considered  profitable  if  the  sale  value  of  the  hogs 
produced  is  equal  to  the  cost  of  grain,  milk,  hay,  labor,  and  overhead. 
Profits  received  above  these  costs  may  be  termed  dividends.  If  the 
income  is  just  equal  to  these  costs,  it  means  that  the  farmer  has  sold 
his  grain,  hay,  milk,  and  labor  to  the  hogs  at  prevailing  market  price«. 
When  these  conditions  are  fulfilled  the  enterprise  is  profitable  and  is  an 
asset  to  the  farm.  If  the  income  is  less  than  these  combined  costs,  the 
farmer  is  receiving  a  reduced  labor  income,  which  is  somewhat  less 
than  the  prevailing  wage  rate.  There  is  a  "loss"  or  minus  labor  income 
only  when  the  feed  and  overhead  costs  are  greater  than  the  gross 
income  so  that  the  farmer  receives  loss  than  nothing  for  his  labor. 
There  is  an  excess  labor  income  or  dividend  when  the  gross  returns 
are  greater  than  all  the  calculated  costs  including  labor  at  current 
rates. 

For  example :  Note  the  dotted  lines  on  Chart  VII.  The  cost  of  feed 
alone  is  $7  per  cwt.  gain,  so  there  would  be  a  minus  labor  income  with 
hogs  selling  at  less  than  7  cents.  The  cost  of  feed  and  labor  is  $9.25 
per  cwt.,  so  there  would  be  excess  labor  income  with  hogs  at  10  cents. 
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CONCLUSIONS 

1.  Milk  is  always  a  profitable  addition  when  added  to  the  hog  ration, 
whether  charged  at  10  or  20  cents  per  hundredweight. 

2.  Milk  is  worth  more  to  pigs  on  alfalfa  hay  than  to  those  on  alfalfa 
pasture.  Something  appears  to  be  supplied  by  the  pasture  that  is  lack- 
ing in  the  dry  lot.  This  deficiency  is  supplied  in  part  at  least  by  the 
milk. 

3.  In  winter  feeding  a  ration  limited  to  2%  grain  resulted  in  more 
economical  production  than  when  a  4%  grain  ration  was  given  or  when 
the  self-feeder  was  used.  A  limited  ration  is  probably  best  during  the 
growing  period,  but  a  self-feeder  should  be  used  during  the  fattening 
period. 

4.  AVhen  the  price  of  grain  goes  up  or  the  price  of  hogs  goes  down 
the  effect  is  to  increase  the  money  value  of  the  milk. 

5.  Under  the  conditions  of  these  experiments  and  with  labor  charged 
at  40  cents  per  hour  the  hogs  can  be  produced  profitably : 

(a)  At  T^c.  when  grain  is  $1.50  or  less  and  milk  charged  at  10c. 

per  cwt. 

(b)  At  8c.  when  grain  is  $1.50  and  milk  does  not  exceed  20c. 

per  cwt. 

(c)  At  9c.  when  grain  is  $2  or  less  and  milk  does  not  exceed 

20c.  per  cwt. 

(d)  At  10c.  when  grain  is  $2.50  or  less  and  milk  does  not  exceed 

20c.  per  cwt. 
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A  Twig  of  Ghreasewood  (Sarcobatus  vermiculatus) .    Natural  Size. 
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A  Greasewood  Grazing  Range. 
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THE    GREASEWOOD   AS    A   RANGE   PLANT 
POISONOUS   TO   SHEEP 


On  the  grazing  ranges  of  the  west  the  greasewood  has  been  and  is 
now  regarded  by  many  livestock  men  as  a  valuable  source  of  range 
feed,  particularly  for  sheep.  There  are  spring  lambing  grounds  where 
the  greasewood  supplies  a  large  portion  of  the  daily  ration  of  the  ewes. 
Many  flocks  of  ewes  are  grazed  without  apparent  injury  during  most 
of  the  lambing  period  on  ranges  where  the  main  source  of  feed  is  the 
greasewood. 

However,  this  plant  came  under  suspicion  in  Nevada  as  early  as 
1916.  Finally,  late  in  May,  1921,  it  was  first  reported  to  the  Experi- 
ment Station  as  having  caused  the  death  of  both  sheep  and  cattle  in  a 
region  near  Panaca,  in  Lincoln  County.  Since  then  similar  reports 
have  come  in  from  Lyon  and  Churchill  Counties. 

In  May,  1921,  a  flock  of  sheep  was  being  trailed  out  of  Nevada  into 
Utah.  The  sheep  had  been  traveling  over  an  area  of  range  where  good 
feed  was  scarce.  From  this  region  of  scanty  feed  they  came  suddenly 
upon  a  large  area  supporting  greasewood  in  abundance.  The  grease- 
wood  at  that  time  of  year  was  at  the  stage  of  growth  in  which  the  young 
tender  shoots  were  two  to  three  inches  long.  The  abundance  of  this 
luxuriant,  juicy,  new  growth  permitted  the  sheep  to  satisfy  their 
hunger  quickly.  Within  a  period  of  six  to  ten  hours  a  large  number 
showed  distinct  signs  of  poisoning  in  varying  degrees  of  severity. 

The  symptoms  gradually  became  more  acute  and  many  of  the 
poisoned  animals  fell  and  were  unable  to  get  up.  The  sheep  which 
could  he  driven  were  then  started  to  trail  toward  the  Utah  line.  The 
next  day  along  the  area  over  which  the  sheep  had  trailed  there  were 
many  poisoned  animals.  At  this  time  the  cause  of  the  death  of  the 
animals  could  not  be  definitely  assigned,  although  it  was  believed  to 
be  either  the  greasewood  or  else  poisoned  water.  Subsequent  feeding 
tests  have  definitely  established  the  fact  that  the  greasewood  poisoned 
and  killed  the  sheep  in  this  particular  case. 

Several  other  livestock  losses  have  been  reported  where  all  the  cir- 
cumstances made  it  appear  that  the  greasewood  was  responsible  for 
the  death  of  the  animals.  As  a  result  of  these  unusual  losses,  feeding 
tests  were  started  in  1918  to  investigate  the  apparent  poisonous  prop- 
erties of  the  greasewood.  These  feeding  tests,  together  with  interpre- 
tations of  their  meaning  and  general  range  observations  concerning 
the  greasewood,  are  reported  in  this  bulletin. 

GREASEWOOD  BANQES 

The  greasewood  within  the  State  of  Nevada  is  widely  and  abun- 
dantly distributed,  but  it  does  not  cover  a  large  acreage  of  the  State  in 
comparison  with  such  plants  as  the  saltbush,  rabbit  brush,  and  sage- 
brush. It  is  found  growing  on  ranges  where,  due  to  seepage  and 
drainage  water,  there  is  a  high  water  table  during  at  least  the  spring 
months,  and  where  the  so-called  alkali  salts  have  accumulated  in  suffi- 
cient quantities  to  allow  only  alkali-resisting  plants  to  grow  freely. 
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The  greasewood  is  frequently  associated  with  other  shrubs  and  alkali- 
enduring  plants.  There  are,  however,  pure  stands  of  it  found  od 
ground  when  the  water  table  is  too  high  and  persistent  to  permit  saeli 
plants  as  the  salt  bush  and  rabbit  brush  to  grow. 

Greasewood  ranges  present  several  different  appearances,  dependiiij: 
upon  the  associated  plants.  A  typical  association  is  that  made  up  of 
greasewood  and  rabbit  brush  (Chrysoihamnus) .  Another  assooiatioD 
frequently  found  covering  large  acreages  is  composed  of  greasewch'i 
and  saltbush  or  shadscale  (Atriplex).  Further  there  are  areas  in  whicn 
the  greasewood,  rabbit  brush,  and  saltgrass  make  up  almost  the  entir? 
composition.  There  is  also  the  seepweed  (Donrfia)- greasewood  as^ 
ciation  which  occupies  quite  limited  areas  in  comparison  with  the  other 
acreages  on  which  greasewood  is  abundant.  The  seepweed-greasewoo*! 
association  usually  indicates  a  soil  with  a  high  salt  content. 

DESCRIPTION  or  PLANT 

The  greasewood  belongs  to  that  group  of  plants  generally  known  i> 
the  goosefoot  family  {Chenopodiacece) .  This  family  contains  sever*! 
plants  quite  familiar  to  the  range  livestock  man.  It  includes  such 
shrubs  and  shrub-like  plants  as  the  hop  sage  (Grai/w),  white  sasre  or 
winter-fat  {Eurotia),  and  saltbush,  some  species  of  which  are  com- 
monly referred  to  as  shadscale  (Atriplex). 

The  greasewood  is  botanically  known  as  Sarcohatus  vermiculaiu^ 
The  word  Sarcohatus  is  made  up  from  the  Greek  sarkos  meaning  fleshy 
and  batos  meaning  thorn,  which  briefly  describes  the  plant;  thorny 
stems  and  fleshy  leaves. 

The  greasewood  is  a  shrub  growing  from  one  to  six  feet  high,  with 
spreading  spiny  branches  and  narrow  fleshy  leaves  without  lobes  or 
teeth  or  divisions  of  any  sort.  The  leaves  are  borne  in  an  alternate 
manner,  being  seated  on  the  twigs  without  stalks.  During  the  sprin? 
months  the  foliage  is  a  clear  dark  green,  which  presents  a  decideil 
contrast  to  the  gray  and  silvery  gray  of  the  sagebrush  and  saltbush. 
As  the  season  advances  the  leaves  of  the  greasewood  take  on  a  rusty 
red  color  and  become  less  juicy  and  tender. 

During  the  fall  and  early  winter  months  the  leaves  become  dry  and 
fall  to  the  ground ;  the  general  appearance  of  the  plant  is  then  that  of 
a  leafless  spiny  shrub. 

EXPEBIMENTAIi  FEEDINQ  TESTS  WITH  SHEEP 

The  .sheep  used  in  the  feeding  tests  were  ewes,  the  larger  niuubt*r  of 
which  were  born  and  raised  on  the  range.  They  were  fed  the  grease- 
wood leaves  in  two  ways,  (1)  by  voluntary  feeding,  and  (2)  by  placing 
the  green  leaves  and  tender  stems  in  their  mouth  and  then  allowing 
the  sheep  to  chew  and  swallow  them  naturally. 

The  following  table  gives  the  results  of  feedings  made  for  the  pur- 
pose of  determining  the  amounts  of  greasewood  leaves  necessary  to 
poison  an  average  range  sheep.  In  order  to  eliminate  the  question  of 
time  all  of  the  sheep  used  in  this  series  of  feeding  tests  were  fed  hy 
putting  a  small  quantity  of  the  green  leaves  and  stems  into  the  mouth: 
just  as  soon  as  the  leaves  and  stems  were  chewed  and  swallowed,  simi- 
larly small  quantities  were  placed  in  the  mouth  until  the  required 
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amount  had  been  eaten.     This  method  of  feeding  took  from  about 
thirty  minutes  to  an  hour,  depending  on  the  quantity  fed : 

QBBASEWOOD  LEAVES  FED  TO  DETEEMINE  AMOUNTS  BEQUIBED 
TO  MAKE  SICK  OB  KILL 


Date  fed 


7-24-26.. 
6-13-18.. 
7-19-18.. 
5-19-26.. 
9-12-26.. 
9-14-26.. 
9-  1-26.- 
9-22-26.. 
9-6-26.. 
7-18-25.. 
fi- 16-26.. 
6-19-26- 
6-18-26.. 
5-27-26.. 
9-14-26.. 
7-21-26.. 
6-17-26.. 
5-26-26- 
9-18-26.. 
5-24-26.- 
9-  2-26-. 
5-18-28- 
6-20-26  . 
5-21-26.. 
7-28-26.. 
6-13-18.. 
7-14-26.. 
6-19-18.. 
7-  8-26.. 
6-23-26.. 
9-14-26.. 
5-17-26.. 
6-19-26.. 
6-20-26.. 
7-  7-26.. 
8-21-a.. 


Weiirht  of 
animal, 
1    pounds 

111 

Am 

1 
lbs. 

10 
6 

2 

tount 
ed 
ozs. 

0 
0 
9 
12 
8 

Results 

Death 
Death 
Death 
Death 

D«Alh 

OzB.  fed 
per  100  lbs. 
live  weiKht 

77.6 
72.0 
76.2 
80.0 
77.4 
79.2 
80.0 
92.9 
96,7 
139.1 
105.8 
79.3 
87.6 
113.7 
92.4 
88.8 
79.8 
97.9 
78.4 
87.9 
97.7 
72.1 
80.2 
80.1 
66.6 
30.0 
80.0 
78.6 
38.0 
64.4 
80.3 
62.0 
63.7 
63.6 
63.1 
1              66.0 

Per  cent 
fed  of     1 
live  wefKbti 

.046 

.047 

.06 

.048     ! 

.0496  1 

.06 

.068 

.0698  1 

.0669 

.0661  , 

.0496 

.0646 

.0711 

.0677 

.0666 

.0496 

.0611 

.049    ' 

.0649  1 

.0611 

.0461 

.0601 

.0601 

.0363 

.0187 

.06 

.0469 

.0288  ; 

.0402  1 

.0602  ' 

.0387 

.0398 

.0397  , 

.0894  1 

.0413  , 

Lbs.  fed 
perlcWIbs. 
live  welKht 

4.86 
4.60 

97 

4.70 

96 

5.00 

93 

4.83 

101 

0     Death 

8  1  Death 
12     Death 

9  Death 
0  I  Death 

12  1  Death 

4.96 

110 

5.00 

-1                 99 

5.80 

..!                 93 

5.98 

116 

8.69 

102 

6.61 

131 

8 

Death 

4.96 

104 

11 

12 
9 
0 
9 

14 
0 

16 
7 
3 

13 
9 
0 
4 
4 
0 
8 

10 

Death 

Death 

Death 

Death 

Sick 

Sick 

Sick 

Sick 

Sick 

Sick 

Sick 

Sick 

Sick 

Nesrative 

Negative 

Nearative 

NeffaUve 

5.46 

109 

7.11 

1                 7» 
.                   126 

5.77 
5.66 

92 

4.96 

96 

6.11 

102 

4.90 

108 

6.49 

-1                 89 

6.11 

.1                116 

4.61 

..*                 96 

6.01 

111 
113 

6.01 
3.63 

120 

1.87 

106 

5.00 

-,                 87 

4.69 

106 

2.38 

..!                 90 

4.02 

112 

10     Negative 
3  ,  Nesrative 
1      Nemive 

6.02 

108 
102 

3.87 
3.98 

..!                110 

6 
8 
10 

Negative 
Negative 
Negative 

3.97 

114 

3.94 

U2 

4.13 

(1)  The  above  table  shows  that  out  of  the  36  feedings  made,  16  pro- 
duced death,  nine  caused  sickness,  and  eleven  failed  to  affect  the  animal 
noticeably. 

(2)  When  an  average  is  taken  of  all  the  above  feeding  tests,  we  find 
that  for  each  100  pounds  of  the  animars  live  weight,  it  took  5.61 
pounds  of  the  leaves  to  cause  death,  5.06  pounds  to  produce  poisoning 
symptoms  followed  by  recovery,  while  feedings  of  3.88  pounds  failed  to 
cause  any  poisoning  symptoms  that  could  be  detected. 

(3)  The  smallest  fatal  amount  in  all  of  the  16  feedings  that  caused 
death  was  4.50  pounds  of  leaves  to  each  100  pounds  of  the  animal 's  live 
weight,  while  among  the  feedings  causing  poisoning  symptoms  we 
find  that  the  smallest  fatal  dose  was  3.53  pounds.  The  table  shows 
three  feedings  of  more  than  four  pounds  and  two  above  five  pounds  of 
leaves  for  each  100  pounds  of  live  weight  that  failed  to  cause  any 
apparent  symptoms  of  poisoning.  These  irregularities  show  that  the 
individuality  of  the  animal  and  its  condition  influence  the  degree  to 
which  it  is  subject  to  this  form  of  poisoning. 

(4)  A  study  of  all  the  feeding  tests  shows  that  there  is  little  differ- 
ence in  the  amount  of  greasewood  leaves  required  to  caase  either  sick- 
ness with  recovery  or  sickness  followed  by  death.     This  amount  is 
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approximately  5  per  cent  of  the  live  weight  of  the  animal  in  grease- 
wood  leaves  when  taken  into  the  stomach  within  a  period  of  thirty 
minutes  to  an  hour. 

(5)  Feedings  were  made  from  May  to  September.  During  this 
period  the  greasewood  was  the  least  poisonous  during  the  early  spring 
months.  This  statement  is  based  upon  the  quantity  that  must  be  eaten 
in  order  to  cause  symptoms  of  poisoning.  In  the  spring  the  leaves 
have  a  higher  ihoisture  content  than  later  in  the  season,  and  this 
probably  accounts  in  part  for  the  apparent  lower  toxicity  during  this 
period  of  the  year.  ' 

A  FATAL  CASE  OF  POISONING  IN  DETAIL 

The  illustrations  show  a  series  of  eight  consecutive  photographs  of  a 
poisoned  ewe  depicting  the  various  stages  of  fatal  greasewood  poison- 
ing. 

This  ewe  weighed  103^  pounds.  She  was  fed  6^  pounds  of  grease- 
wood leaves  June  6,  1928,  between  2 :  45  a.  m.  and  4 :  55  a.  m.  At 
10  a.  m.  the  first  signs  of  poisoning  were  detected,  and  at  12 :  40  p.  m. 
the  same  day  she  died. 

The  first  picture  shows  her  to  be  a  normal  range  ewe,  alert  and  half 
wild,  twelve  hours  before  the  fatal  f eediiig  of  greasewood. 

The  second  picture  shows  this  ewe  at  10  a.  m.  The  first  symptoms 
of  poisoning  have  appeared  in  the  form  of  drowsiness  and  a  disin- 
clination to  move  when  approached  or  urged.  The  wild  alertness 
acquired  by  living  on  the  open  range  has  entirely  disappeared,  and 
listlessness  has  taken  its  place. 

A  little  later,  beginning  at  10 :  25  a.  m.,  as  shown  in  the  next  two 
pictures,  leg  weakness  has  develope<l  and  has  progressed  to  the  point 
where  she  is  unable  to  stand.  She  falls  head  first,  and  a  little  later 
lies  sprawling  and  unable  to  get  on  to  her  feet  again. 

The  next  two  pictures  show  the  ewe  between  10:  40  a.  m.  and  11:35 
a.  m.  She  is  now  down  and  unable  to  arise.  Drowsiness  is  much 
advanced.  Respiration  is  slow,  and  breathing  takes  place  through  the 
open  mouth.  There  is  a  feeling  of  indisposition,  as  indicated  by  a 
grating  of  the  teeth  and  a  shifting  of  the  head  back  and  forth. 

In  the  next  to  the  last  picture  in  the  series  the  ewe  is  on  her  side  in 
a  very  weakened  drowsy  condition.  Now  and  then  the  head  is  held  up 
for  a  minute  or  so,  then  it  falls  back.  At  this  stage  of  poisoning  there 
is  a  slight  shifting  of  the  body  into  either  a  normal  lying  down  position 
or  one  lying  flat  with  legs  and  head  outstretched.  This  picture  shows 
the  ewe  a  few  minutes  before  death.  All  bodily  action  is  gradually 
ceasing.  The  pulse  is  weak,  and  the  breathing  can  hardly  be  detected. 
It  is  impossible  to  arouse  her,  she  is  in  a  state  of  profound  insensibility. 

The  final  picture  shows  the  animal  immediately  after  death,  which 
occurred  quietly  and  without  a  struggle.  The  bloating  is  character- 
istic. 

FEEDING  QBEASEWOOD  WITH  A  MIXTUBE  OF  OBA88ES  AKD  WEEDS 

The  purpose  of  this  feeding  test  was  to  imitate  more  closely  the 
actual  range  feeding  conditions;    and  thus  to  determine  the  effect 
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of   a  daily  ration  composed  of  greasewood  with  grasses,  clovers,  and 
-weeds. 

!For  this  test  two  ewes  were  selected,  weighing  89  and  90  pounds, 
respectively.  For  five  days  they  were  fed  only  green  grasses,  clovers, 
and  weeds.  This  initial  feeding  period  was  to  determine  their  average 
daily  consumption  for  this  type  of  ration.  It  was  found  to  be  8.91 
pounds  per  day  per  ewe.  This  is  about  the  number  of  pounds  of  green 
forage  that  they  would  eat  if  they  were  grazing  naturally  on  this  class 
of  feed  on  the  range.  The  grass-clover-weed  mixture  consisted  of  blue 
grass,  orchard  grass,  white  clover,  alfilaria,  sow  thistle  (Sonchus), 
dandelions,  and  wild  lettuce  (Latuca). 

The  grass-clover-weed  mixture  was  then  reduced  in  amount  by  4 
per  cent  of  the  live  weight  of  each  of  the  ewes.  Now,  instead  of  each 
e-we  being  fed  8.91  pounds,  this  quantity  was  lowered  to  5.33  pounds 
of  the  grass-weed  mixture  with  3.58  pounds  of  greasewood  added. 
The  two  ewes  were  now  fed  for  seven  complete  days  on  this  ration.  At 
no  time  during  this  period  did  this  ration  cause  any  injurious  effect 
that  could  be  attributed  to  the  greasewood. 

At  the  completion  of  this  seven  day  period  the  amount  of  grasses 
and  weeds  being  fed  was  again  reduced  by  one  per  cent  of  the  live 
weight  of  the  ewes.  The  ewes  were  now  eating  in  greasewood  leaves 
an  amount  equivalent  to  five  per  cent  of  their  live  weight.  The  ration 
now  was  made  up  of  4.27  pounds  of  greasewood  leaves  mixed  with  4.64 
pounds  of  the  grass-clover-weed  mixture.  This  8.91  pound  ration  was 
fed  for  fourteen  days.    Again  no  injurious  effect  could  be  detected. 

This  was  especially  interesting  because  of  the  fact  that  poisoning 
had  developed  in  previous  feedings  when  the  greasewood  leaves  had 
been  fed  as  the  sole  ration  and  at  one  feeding  in  an  amount  equivalent 
to  5  per  cent  of  the  live  weight  of  the  animal. 

Because  no  poisoning  symptoms  developed  during  the  period  of  21 
days  in  which  the  ewes  were  daily  eating  greasewood  leaves  in  the 
amount  equivalent  to  4  and  5  per  cent  of  their  body  weights,  it  can  be 
quite  safely  stated  that  greasewood  is  not  poisonous  when  eaten  with 
other  forage  in  ordinary  amounts.  Further,  in  view  of  the  rather 
large  amount  of  greasewood  leaves  that  these  two  ewes  actually  con- 
sumed without  causing  symptoms  of  poisoning,  it  may  not  be  wrong 
to  say  that  under  normal  range  conditions  the  greasewood  is  an  impor- 
tant source  of  range  forage. 

FEEDINO  OBBA8EWOOD  I.EAVE8  AT  DEFINITE  INTERVALS 

The  two  previous  and  distinct  series  of  feeding  tests  showed  that, 
(1)  when  rather  large  amounts  were  fed  at  one  feeding  symptoms  of 
poisoning  developed,  and  (2)  when  correspondingly  large  quantities 
of  greasewood  leaves  were  fed  with  other  green  forage  and  the  sheep 
were  allowed  to  eat  this  mixture  during  the  course  of  a  day  no  symp- 
toms could  be  detected.  It  now  seemed  desirable  to  feed  at  intervals 
small  quantities  of  greasewood  leaves  alone  to  determine  what  amount 
could  be  eaten  under  such  feeding  conditions  without  causing  harmful 
results. 

The  following  table  gives  the  results  of  this  series  of  feeding  tests : 


Digitized  by 


Google 


12 


The  Oreasewood 


OBEAflEWOOD  LEAVES  FED  AT  DEFINITE  INTEBVAL8 


Animal 
number 


Time  fed  I  Date  fed 


Weight     Amount 
of  ani-  I        fed 
mal,  lb8.j  lbs.     on. 


Severity  of 
poisoning 


1790  ... 
1790... 

4IS... 

46... 

46... 

46... 

46... 

46._. 

46... 

46  — 

46... 
1800... 
1800... 
1800... 
1288... 
1288... 
1288... 


.;  10:00a.m. 
t  2:80  p.m. 
;  9:00a.  m. 
10H)0a.  m. 
)  11:00a.m. 
.12 (noon) 

IKMp.m. 
I    2.*00p.m. 

8:00  p.m. 
*    4:00p.m. 

>  5K)0p.m. 
I    8.-00a.m. 

>  llH)Oa.m. 
j  2:00p.m. 
I    8K)0a.  m. 

.!  12  (noon) 
I    4.-00p.m. 


7-29-26  1 
7-29-26  I 


6-28-26  ' 
6-28-26 
6-28-«6 
6-28^ 
6-28-26 
6-28-26  ' 
&-28-26  I 
6-28-26 
6-20-26  1 
6-20-26  I 
6-20-26 
8-  7-26 
8-  7-26 
8-  7-26  , 


100 

100 

142 

142 

142 

142 

142 

142 

142 

142 

142 

102  I  2 

102  I  2 

102  I  2 


NesmtJve 
NesratiTe 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 


Ok8.  fed       Per  cent  i  Lbe.  fed 
per  100  lbs.       fed  of    tperlttlbi. 
live  weight  live  weight  Urev 


40.0 

.026  , 

2.5 

40.0 

.026  < 

t.i 

11.2 

.007 

0.7 

11.2 

.007 

e.T 

11.2 

.007 

•.: 

11.2 

.007 

•.7 

11.2 

.007 

fi.7 

11.2 

.007 

1.7 

11.2 

.007 

0,1 

11.2 

.007 

0.T 

11.2 

.007 

«.! 

31.3 

.0196 

1.91 

31.3 

.0196, 

LK 

31.8 

.0196 

US 

36.6 

.0228 

2.fl 

36.6 

.0228 

t» 

36.6  , 

.0228 

t.n 

The  above  table  shows  that  four  series  of  feedings  were  made.  In 
each  series  5  per  cent  or  more  of  the  animal 's  weight  was  fed  in  the 
form  of  greasewood  leaves.  In  previous  feedings  greasewood  leaves 
fed  at  one  time  in  an  amount  equalling  or  exceeding  5  per  cent  of  the 
live  weight  of  the  animal  generally  produced  poisoning  symptoms  with 
recovery  or  death. 

In  the  first  series  sheep  1790  was  fed  twice,  once  in  the  morning  and 
once  in  the  afternoon.  A  period  of  about  four  hours  elapsed  between 
feedings.  In  each  feeding  2^  per  cent  of  the  sheep 's  live  weight  was 
fed  in  greasewood  leaves.  The  total  of  the  two  feedings  was  5  per 
cent,  but  the  result  of  the  test  was  negative. 

In  the  second  series  sheep  number  46  was  fed  hourly  nine  times 
between  9  a.  m.  and  5  p.  m.  Bach  feeding  was  in  the  amount  of  one 
pound.  The  total  amount  of  greasewood  leaves  fed  represents  approxi- 
mately 6.3  per  cent  of  the  live  weight  of  the  sheep.  The  nine  pounds 
fed  during  the  period  of  nine  hours  failed  to  produce  symptoms  of 
poisoning.  These  nine  pounds  are  probably  a  greater  amount  of 
greasewood  leaves  than  a  sheep  of  this  weight  would  ordinarily  eat 
during  the  grazing  period  of  a  day  on  the  range.  This  test  further 
emphasizes  the  important  fact  that  poisoning  from  greasewood  leaves 
comes  from  eating  an  amount  approximating  the  stomach  capacity  in 
a  relatively  short  period  of  time. 

In  the  third  series  sheep  No.  1800  was  fed  three  times.  At  each  feed- 
ing two  pounds  were  fed.  The  feedings  were  made  at  three-hour  inter- 
vals. In  all  six  pounds  were  fed,  this  amount  representing  5.88  per 
cent  of  the  sheep 's  live  weight.  No  symptoms  of  poisoning  could  be 
detected  at  any  time  during  the  period  of  observation  which  extended 
to  5  p.  m.  the  following  day. 

In  the  fourth  series  sheep  No.  1233  was  fed  three  times.  Four  hours 
elapsed  between  the  feedings.  In  all,  six  pounds  were  fed  and  this 
amount  was  6.69  per  cent  of  the  sheep  *s  live  weight.  No  symptoms  of 
poisoning  were  detected  at  any  time  during  the  34  hours  that  the  sheep 
was  under  observation.  The  sheep  used  in  this  test  weighed  90  pounds. 
A  fair  estimate  of  the  amount  this  sheep  would  eat  in  range  forage 
during  the  period  of  a  day  would  be  about  nine  pounds.  In  this  test 
six  pounds  of  greasewood  leaves  were  fed,  a  quantity  which  is  about 
66  per  cent  of  the  total  amount  of  forage  that  a  sheep  of  this  size  would 
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consume  in  green  forage  during  the  daylight  or  feeding  hours  on  the 
range. 


i>AUir 


EFFECTS 


FEEDING   TESTS   TO   DETEBMINE   THE   INJUBIOUS 
OF  OBEASEWOOD  LEAVES 

The  following  table  gives  the  results  of  daily  feedings  of  definite 
amounts  of  greasewood  leaves  mixed  with  grasses  and  clovers  to  deter- 
mine whether  there  are  any  injurious  cumulative  eflPects  as  shown  by  a 
loss  of  weight : 


Anlmml  Dumber 


146. 
146. 

146. 
146. 
146. 
146. 
146. 
146. 
146. 
146. 
146. 
146. 
146. 
146. 
146. 
12S. 
128. 
128 
128. 
123. 
128. 
123. 
128. 
123 
128 


Date  fed 


5-l»-26 
6-20-26 
6-21-26 
6-22-26 
6-28-26 
6-24-26 
6-26-26 
6-26-26 
6-27-26 
6-28-26 
6-29-26 
6-80-26 
6-81-26 
6-  1-26 
6-2-26 
8-  1-24 
8-2-24 
8-8-24 
8-  4-24 
8-6-24 
8-6-24 
8-  7-24 
8-8-24 
8-8-24 
8-10-24 


Time  fed 


Amount      Weight  |    Oxs.  fed 

fed  ofsDi-     perlOQlbe. 

lbs.    OKI.    mal.  lbs.   IfvewefKht 


Per  cent  >   Lbs.  fed 

fed  of       per  100  lbs. 
live  weight)  live  weight 


4:10  p.m. 

9:60  a.m. 

9:16  a.  m. 

9:16  a.m. 

9:00  a.m. 

I'JWp.m. 

8.*00a.m. 

8:10  a.m. 

9:80  a.m. 

9K)6a.m. 
10:40  a.m. 

9:00  a.m. 

9:10  a.m. 

9:26  a.m. 

9:06  a.m. 

9K)0a.m. 

9:40  a.m. 
10:66  a.m. 

8:80  a.m. 

9K)0a.m. 
10:10  a.m. 

8K)0a;m. 

7:46  a.m. 
11:46  a.m. 

9H)6a.m. 


I 


142 
142 
142 
142 
142 
142 
142 
142 
142 
142 
142 
142 
142 
142 
141.76 

98 

98 

98 

98 

98 

98 

98 

98 

98 

96.60 


28.1 

28.1 

28.1  I 

28.1  I 

28.1 

28.1  i 

28.1  ' 

28.1 

28.1 

28.1 

28.1 

28.1 

28.1 

28.1 

28.2 

66.3 

66.8 

66.8 

66.3 

65.3 

65.8 

66.3 

66.3 

66.3 

67.0 


.0176  ' 

.0176  ; 

.0176  ' 
.0176  I 
.0176 
.0176  ! 
.0176  i 
.0176  I 
.0176  < 
.0176 
.0176 
.0176 
.0176  ' 
.0176  > 
.0176 
.0408 
.0408 
.0406  I 
.0408  , 
.0408 
.0408 

.0408  ; 

.0408 
.0408  I 
.0418 


1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
4.06 
4.08 
4.08 
4.06 
4.08 
4.08 
4.08 
4.08 
4.08 
4.18 


The  following  facts  are  shown  by  the  above  table : 

(1)  Sheep  No.  146  was  fed  daily  2^  pounds  of  greasewood  leaves  for 
the  period  May  19  to  June  2,  inclusive.  During  this  15  day  interval 
37i  pounds  of  greasewood  leaves  were  consumed.  There  was  a  loss  of 
one-fourth  pound  in  the  live  weight  of  the  sheep.  This  amount  is  too 
small  to  be  attributed  to  any  cause. 

(2)  Sheep  No.  123  for  a  period  of  10  days  was  fed  daily  four  pounds 
of  the  greasewood  leaves.  The  total  amount  of  greasewood  leaves  eaten 
was  40  pounds. 

There  was  a  loss  of  2^  pounds  in  the  weight  of  the  sheep.  This 
decrease  in  live  weight  cannot  be  definitely  assigned  to  the  presence 
of  the  greasewood  leaves  in  the  ration  for,  during  the  time  that  this 
test  was  being  made,  there  was  a  tendency  on  the  part  of  the  sheep 
to  select  the  grasses  and  clovers  first,  leaving  after  each  feeding  a  vary- 
ing amount  of  greasewood  leaves  not  eaten.  This  necessitated  forced 
feeding  of  the  remaining  greasewood  leaves.  Consequently  there  was 
much  daily  handling  of  the  sheep  which  could  account  for  the  loss  of 
weight. 

At  no  time  during  the  time  that  these  two  tests  were  in  progress  nor 
afterwards  did  any  visible  injurious  effect  develop.  This  series  of  feed- 
ings again  further  emphasizes  the  statement  that  sheep  become  poi- 
soned by  greasewood  leaves  as  a  result  of  eating  the  leaves  and  green 
steins  fljDiost  exclusively  in  a  quantity  approximating  the  stomach 
capacity  during  a  relatively  short  time. 
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LEKOTH  OF  TIME  FOB  THE  APPEABANOE  OP  SYMPTOMS 
OF  POISONINO 

The  period  of  time  that  elapses  before  the  characteristic  symptoms 
appear  after  the  ingestion  of  either  a  toxic  or  a  fatal  quantity  of  grrease- 
wood  varies  with  different  sheep  according  to  the  amount  of  leaves 
eaten  in  excess  of  the  amount  necessary  to  cause  poisoning. 

It  required  as  an  average  about  three  hours  and  twenty-five  minntes 
for  the  first  visible  symptoms  to  develop  after  the  animal  was  fed  a 
toxic  or  a  fatal  amount.  In  a  few  of  the  experimental  sheep  the 
symptoms  appeared  in  less  than  two  hours ;  but  for  most  of  the  sheep 
that  came  under  observation  the  interval  before  the  appearance  of 
symptoms  was  between  three  and  five  hours.  The  time  that  elapsed 
between  the  detection  of  the  first  symptoms  and  the  death  of  the  animal 
varied  greatly,  it  being  from  twelve  to  over  twenty  hours. 

SYliPTOMS  OF  POISONIKa 

The  symptoms  of  fatal  poisoning  arising  from  the  eating  of  grease- 
wood  leaves  are  few  and  not  distinctive.  There  is  an  initial  period  of 
drowsiness  during  which  the  sheep  stands  or  walks  in  a  listless  stupid 
condition.  This  period  of  dullness  gradually  develops  into  a  weakness 
which  compels  the  sheep  to  lie  down.  Gradually  the  depression  becomes 
more  pronounced,  the  pulse  weakens,  and  a  state  of  profound  prostra- 
tion with  partial  unconsciousness  develops.  In  this  condition  life  may 
continue  for  several  hours  before  the  heart  finally  ceases  to  function 

and  death  comes. 

AUTOPSY  FINDINGS 

Several  of  the  sheep  which  were  killed  in  these  tests  were  autopsied 
and  nothing  abnormal  was  observed  which  could  be  attributed  to  the 
poisonous  action  of  this  plant. 

PBAGTIGAL  SUGGESTIONS  FOB  AVOIDING  GBEASEWOOD  POISONIKG 

The  experimental  feeding  tests  with  the  conclusions  drawn  from 
them  clearly  show  that  the  greasewood  may  be  listed  as  a  poisonous 
plant  only  under  certain  special  feeding  conditions.  The  following 
explanation  makes  clear  when  sheep  losses  may  be  expected  as  a  result 
of  browsing  upon  the  greasewood. 

This  shrub,  during  the  winter  months,  is  leafless  and  spiny.  In  the 
early  spring  it  produces  young  tender  stems  and  leaves.  This  juicy 
new  growth  is  easily  browsed  by  sheep.  Later  on  during  the  summer 
and  fall  the  new  spring  growth  becomes  somewhat  dry,  spiny,  and 
unpalatable.  Therefore  most  of  the  browsing  on  the  greasewood  by 
sheep  occurs  during  the  period  when  its  leaves  and  stems  are  tender 
and  palatable.  There  is,  however,  considerable  eating  of  the  grease- 
wood leaves  during  the  fall  months  after  the  leaves  have  fallen  to  the 
ground,  but  apparently  the  leaves  cause  little  trouble  at  this  season  of 
the  year. 

During  the  period  when  the  early  spring  growth  is  most  appetizing 
and  easily  browsed,  losses  may  be  expected;  but  only  when  hungry 
sheep,  especially  those  that  are  salt  hungry,  are  permitted  to  fill  up 
quickly  and  almost  exclusively  on  the  greasewood. 
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The  greasewood  has  a  somewhat  salty  taste,  which  makes  it  particu- 
larly relished  by  salt  hungry  sheep.  It  has  been  reported  by  some 
sheepmen  that  salting  the  sheep  is  a  valuable  precautionary  measure 
when  changing  the  flock  from  a  range  free  from  greasewood  to  one 
where  it  is  growing  abundantly. 

Trailing  sheep  from  one  feeding  ground  to  another  often  requires 
going  over  grazing  ranges  on  which  there  is  little  or  no  feed,  and  fre- 
quently salting  is  delayed  until  the  new  feeding  grounds  are  reached. 
A  trailing  flock  of  forage  hungry,  salt  hungry  sheep  coming  upon  a 
greasewood  area  are  in  great  danger.  The  same  may  be  said  of  sheep 
held  in  shearing  corrals  and  penned  for  varying  periods  of  time  and 
then  allowed  to  graze  in  an  extremely  hungry  condition  upon  areas 
supporting  the  greasewood. 

Under  normal  range  and  feeding  conditions  the  greasewood  is  a 
safe  plant  for  sheep  to  browse,  but  if  hungry  sheep  are  permitted  to 
satisfy  their  hunger  quickly  and  completely  on  it  then  poisoning  and 
death  may  be  expected. 
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THE    CHEMICAL   EXAMINATION   OF    GREASEWOOD 


A  proximate  analysis  of  a  browse  plant  may  not  fully  indicate  its 
feeding  value  or  show  all  of  its  properties.  Such  an  analysis  is 
reported  by  Forbes  and  Skinner^  for  Sarcohatus  vermicuJatus,  and  is 
given  as  follows : 

Moisture 4.55% 

Ash 14.41% 

Ether  Extract 2.45% 

Crude  Protein 19.81% 

N-free  Extract 34.28% 

These  authors  state  that  "the  plant  is  of  surprisingly  nutritious 
character  as  indicated  by  the  analysis,  being  rich  in  protein,  fat,  and 
carbohydrates."  The  figures  quoted  give  no  ground  for  the  rejection 
of  the  plant  for  grazing  purposes;  yet,  under  actual  feeding  condi- 
tions, the  greasewood  fails  to  fulfill  the  promise  given  by  its  analysis. 

The  plant  is  extensively  grazed  by  sheep,  and  there  are  records  of 
its  toxic  action  in  these  animals.  Its  poisonous  character  has  been 
fully  demonstrated  in  the  feeding  trials  here  reported,  and  also  by 
Marsh,  Clawson  and  Marsh.^ 

As  in  the  case  of  some  other  browse  plants  which  are  poisonous  when 
fed  under  certain  experimental  conditions,  it  surely  would  seem  that 
under  other  conditions,  in  spite  of  its  high  oxalic  acid  content,  the 
greasewood  should  be  credited  with  some  degree  of  usefulness  in  the 
ration  on  the  range. 

To  the  varjang  proportion  of  greasewood  in  the  range  ration  and  to 
the  physiological  condition  of  the  sheep  the  variation  in  symptoms 
must  be  ascribed.  It  is  evident  that  not  all  sheep  are  poisoned  while 
on  a  range  which  supports  Sarcohattcs  vermiculatus.  Were  this  so  the 
plant  would  unquestionably  be  characterized  as  highly  poisonous. 
Consequently,  the  proportion  which  it  forms  of  the  ration  must  be  one 
of  the  important  factors  of  danger  in  its  presence. 

If  the  greasewood  constitutes  the  sole  source  of  feed  in  a  given  area 
it  may  very  conceivably  lead  to  mass  poisoning  of  the  animals  in  the 
area.  On  the  other  hand,  if  greasewood  were  found  only  occasionally, 
with  the  other  plants  in  abundance,  its  poisonous  properties  would  not 
be  noticed  and  no  suspicion  would  attach  to  it.  If  a  poisonous  plant 
does  not  have  habit  forming  properties,  such  as  have  been  found  with 
certain  loco  plants,  its  actual  presence  in  a  mixed  browse  ration  may 
not  be  observ-ed;  and  its  feeding  value  in  the  ration  may  never  be 
questioned. 

Another  important  factor  with  plants  of  this  character  which  may  be 
described  as  being  on  the  borderline  of  usefulness,  is  the  physiological 
condition  of  the  animals  concerned.     Under  conditions  in  which,  for 

'Forbes  and  Skinner.  Arizona  Station  Report,  1903. 
'Marsh,  Clawson  and  Marsh,  U.  S.  D.  A.,  Circular  279. 
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example,  there  is  a  lack  of  necessary  salts,  animals  having  access  to 
plants  which  may  be  palatable  on  account  of  their  salty  taste,  may  eat 
such  plants  to  excess  and  to  the  exclusion  of  other  more  nutritious 
forms.  A  condition  may  occur  in  which  greasewood  helps  to  satisfy 
the  craving  for  salt.  As  a  consequence  some  of  the  animals  eat  it  to 
excess  and  the  harmful  effects  of  some  of  its  constituents  soon  become 
evident.  Greasewood  is  probably  not  the  only  plant  of  this  character. 
A  consideration  of  the  properties  of  some  of  the  salt  bushes  might  lead 
to  the  same  conclusions.  Succulence  may,  in  the  same  manner,  serve 
to  make  a  plant  more  attractive  under  conditions  of  a  lack  of  drink- 
ing water  or  a  scarcity  of  succulent  feeds. 

There  can  be  but  little  doubt  that  the  poisonous  character  of  the 
plant  is  due  to  the  presence  of  salts  of  oxalic  acid.  This  has  been 
reported  by  the  above  authors  and  also  by  Couch,'  who  conclude  that 
greasewood  poisoning  is  due  to  a  mixture  of  the  sodium  and  potassium 
salts  of  oxalic  acid.  The  presence  of  soluble  oxalates  may  be  demon- 
strated easily  by  the  usual  means  employed  for  their  detection. 

The  quantitive  estimation  of  the  oxalates,  however,  presents  greater 
difficulties  than  their  simple  detection.  These  involve  (1)  the  complete 
extraction  of  the  oxalates  present,  and  (2)  their  precipitation  and 
removal  in  a  form  suitable  for  their  estimation.  Filtration  is  made 
difficult  by  the  presence  of  colloidal  and  colored  extractives;  and  the 
precipitation  and  removal  of  calcium  oxalate  in  a  pure  state  is  hin- 
dered. 

Couch  (10c.  cit.)  reported  results  of  determinations  of  oxalates  on 
material  from  Utah,  which  were  obtained  by  a  method  of  analysis 
devised  for  the  purpose.    These  are  given  as  follows : 


Dried 
I  leaves 
I   per  cent 


Stems 
percent 


I    Lesves. 
stems,  frott 
t   percent 


Moisture - 

Water-soluble  oxalic  acid,  anhydrous 
Total  oxalic  acid,  anhydrous 


6.60  ! 

6.82 

10.47 

2.86 

12.20 

4.87 

8.64 
940 
11.64 


These  results  calculated  to  a  moisture-free  basis  for  comparison  with 
the  figures  in  the  following  table  are  equivalent  to  : 


Dried 
leaves 
per  cent 


Stems 
per  cent 


Moisture I  0.00  '  0.00 

Water-soluble  oxalic  acid,  anhydrous 11.07  2.49 

Total  oxalic  acid,  anhydrous 12.91  4.64 


Leavef, 

stems,  frail 

percent 


0.00 
lojes 

12.0 


On  samples  from  the  vicinity  of  Reno  the  percentages  were  found  in 
general  to  be  higher  than  those  reported  above.  The  samples  were 
collected  through  the  year  on  the  dates  indicated.  Total  oxalic  acid, 
anhydrous  only,  is  reported  and  calculated  both  to  moisture-free  con- 
dition and  as  in  the  original  green  plant : 

'Couoh,  Amer.  Jour.  Pharm.,  iH  (1922),  631-641. 
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OXAUO  AOID  CONTENT  OF  LEAVES  OF  SABOOBATUS  VEBMIOULATUS 


Number 


846.. 
867.. 
860.- 
867.. 

sn.. 


Date 

collected 

1926 


May  29 
June  19 
July  17 
Auff.  7 
Sept.  4 
Sept.  25 


Total 
moisture 
per  cent 


AobydrouB  Oxalic  Acid 


76.80 
70.61 
69.68 
69.62 
68.28 
69.80 


Original 
per  cent 


2.64 
4.10 
3.78 
4.08 
4.89 
4.11 


Moisture- 
free 
per  cent 


11.40 
18.92 
12.29 
18.28 
16.89 
18.68 


The  seasonal  variation  in  the  total  content  of  oxalic  acid  is  clearly 
shown  in  the  preceding  table.  By  this  it  may  be  seen  that  when  the 
leaves  are  young  in  the  spring  the  oxalic  acid  content  is  at  its  lowest 
level.  It  increases  as  the  season  progresses  until  autumn  when  it  begins 
to  decline.  This  decrease  may  be  due  to  leaching  out  by  rain  at  that 
time  of  year  or  it  may  be  due  to  a  partial  removal  by  the  plant  itself 
through  conversion  into  other  compounds. 

The  method  used  for  the  determination  of  oxalic  acid  differed  from 
that  of  Couch  in  that  the  total  amount  of  oxalates  was  determined  by 
extraction  with  a  solution  of  hydrochloric  acid.  By  this  procedure  the 
oxalic  acid  of  the  soluble  salts  and  that  occurring  combined  A^ith  cal- 
cium is  liberated  in  the  same  extract. 

Extraction  was  accomplished  on  the  water-bath  by  the  aid  of 
mechanical  stirring,  and  the  extract  was  separated  by  filtration  and 
washing  with  hot  water  by  suction,  using  filter  paper  on  a  Buchner 
funnel. 

In  this  method  it  is  probable  that  a  greater  degree  of  dilution  was 
attained  than  that  used  by  Couch.  It  was  found  that  at  higher  dilu- 
tions the  difiBculties  of  filtration  of  the  extract  and  the  removal  of  pre- 
cipitated calcium  oxalate  were  greatly  reduced.  The  extract  was  now 
evaporated  to  near  dryness  to  eliminate  colloidal  material  which  hin- 
ders filtration  on  account  of  excessive  amounts  of  coloring  matter  which 
seemed  to  form  through  oxidation  or  decomposition.  It  was  found  that 
a  cleaner  precipitate  could  be  obtained  by  precipitating  after  evapora- 
tion. In  our  determinations,  however,  the  filtered  and  washed  precipi- 
tate was  taken  up  with  hot  dilute  sulfuric  acid  and  the  oxalic  acid 
titrated  with  standard  permanganate  solution.  This  procedure  may 
prive  slightly  higher  results  than  ignition  of  the  precipitate  on  account 
of  absorption  of  the  colloidal  material  by  the  finely  divided  precipitate. 

Extractions  were  made  of  the  plant  under  acid  and  alkaline  condi- 
tions to  determine  the  presence  of  alkaloids.  Nothing  was  found  which 
would  give  a  reaction  with  the  commonly  used  alkaloidal  reagents. 

The  foaming  properties  of  aqueous  extracts  of  the  plant  indicated 
the  possibility  of  the  presence  of  saponins.  To  test  for  the  presence  of 
hemolytically  active  saponins  an  extract  of  the  air-dried  leaves  was 
made  with  physiological  salt  solution.  Dilutions  were  made  with  this 
extract  ranging  in  concentration  from  1  part  of  dried  plant  in  50  of 
extract  to  1  part  in  500.    A  suspension  of  washed  corpuscles  of  sheej)  's 
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blood  was  prepared  with  salt  solution.  One  hundred  ce.  of  this  sns- 
pension  contained  the  corpuscles  of  1  cc.  of  definbrinated  blood.  Bqnal 
parts  of  the  different  solutions  of  the  extracts  and  suspension  of  cor- 
puscles were  mixed  but  no  hemolysis  was  observed  to  take  place. 

The  test  outlined  only  serves  for  the  detection  of  those  saponins 
which  are  capable  of  breaking  up  red  corpuscles.  While  it  must  be 
conceded  that  the  presence  of  inactive  saponins  is  not  disclosed  by  this 
test,  in  general  the  toxic  saponins  are  hemolytically  active,  hence  fmm 
these  results  it  was  concluded  that  toxic  saponins  were  absent. 
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SIMPLinED  METHODS 

oi 

CALCULATING  DAIRY  RATIONS 


In  this  bulletin  is  presented  a  discussion  of  popular  methods 

of  feeding  dairy  cows  and  a  statement  of  the  principles 

upon  which  profitable  feeding  is  based.    Charts 

are  provided  which  greatly  simplify  the 

calculation   of  balanced  rations. 


By 

F.  B.  HEADLEY 

Chief,  Department  of  Farm  Development 


PUBLISHED  BY  THE  UNIVERSITY  OF  NEVADA 
RENO,  NEVADA 


Printed!  at  the 
STATE  PRINTING  OFFICE  :  :  :  JOE  FARNSWORTH.  SUPERINTENDENT 

CARSON  QTY,  NEVADA 
1=* 


Digitized  by 


Google 


NEVADA    AGRICULTURAL    EXPERIMENT    STATION 


BOARD  OF  CONTROL 

Hon.  G.  F.  Talbot  (1931) ^Reno 

Hon.  Frank  E.  Williams  (1933) Goodsprlngs 

Hon.  Walteb  E.  Pratt  (1935) ^^Beno 

Hon.  George  S.  Brown  (1937) _Jlcno 

Hon.  George  Wingfield  ( 1939) Reno 

OFFICERS 

Walter  E.  Clark,  Ph.D President  of  the  Universlt.T 

Charles  H.  GtORMan Comptroller 

George  H.  Taylor Secretary  Emeritus 

Carolyn  Beck  with Secretary 

STAFF 

Samuel  B.  Doten,  M.A.,  Director Entomology 

Charles  E.  Fleming,  B.S.A ^ Range  Management 

Edward  Records,  V.M.D Veterinary  Science 

George  Hardman,  M.S Irrigation 

M.  R.  Miller.  M.S ^Chemistry 

Lyman  R.  Vawter,  D.V.M Assistant  in  Veterinary  Science 

F.  L.  BixBY,  C.E Collaborator  in  Irrigation  Engineering 

(Bureau  of  Public  Ronds.  Irriflration  Division.  U.  S.  D.  A.) 

Robert  Stewart,  Ph.D Soils  Researcli 

V.  E.  Spencer,  M.S Associate.  Soils  Research 

Chester  Brennen,  B.S Economist  in  Range  Management 

F.  B.  Headley Farm  Development 

R.  M.  Clawson,  B.S Assistant  In  Farm  Development 

Lewis  Kehoe,  B.S Fellow  In  Chemistry 

Andrew  Young Assistant  In  Range  Management 

Matilda  Marshali Specialist  In  Farm  Cost  Studies 

Louise  Lewers Secretary  to  Veterinary  Science 

Martha  R.  Bruce Illustrator  and  Secretary 

Grace  Costeixo Librarian  and  Secretary  to  Director 


Digitized  by 


Google 


SUMMARY 


1.  More  efficient  methods  are  needed  in  the  feeding  of  dairy  cows 
that  will  result  in  lowering  the  cost  of  production,  or  in  increasing  the 
output  without  increasing  the  cost  in  like  proportion. 

2.  A  brief  discussion  is  given  showing  the  relation  between  the 
nutrients  in  dairy  feeds  to  the  amount  of  food  necessary  to  maintain 
the  body  weight  and  to  supply  the  nutrients  essential  to  the  trans- 
formation of  the  food  into  milk. 

3.  Five  common  methods  of  rationing  dairy  cows  are  discussed  so 
as  to  point  out  the  faults  and  desirable  features  of  each.  An  all-alfalfa 
ration  without  grain  supplements  is  the  most  economical  for  cows  of 
low  productive  capacity.  Grain  supplements  should  be  fed  to  cows 
giving  more  than  300  pounds  of  butter  fat  per  year  but  the  amount  of 
grain  fed  should  be  based  on  the  needs  of  the  individual  cows. 

4.  An  easy  method  is  presented  of  determining  the  nutritive  require- 
ments of  each  individual  cow  and  of  finding  the  amount  of  hay  and 
grain  necessary  to  meet  these  requirements. 

5.  An  easy  method  is  given  for  determining,  by  means  of  calculating 
charts,  the  total  digestible  nutrients  and  the  digestible  protein  in 
various  combinations  of  the  more  common  dairy  feeds  used  in  Nevada. 

6.  Charts  are  provided  by  means  of  which  the  cost  per  pound  of 
total  digestible  nutrients  and  of  digestible  protein  in  the  dairy  feeds 
common  in  Nevada  can  be  quickly  determined  at  any  market  price. 
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SIMPLIFIED   METHODS    OF    CALCULATING 
DAIRY    RATIONS 


INTRODUCTION 

Dnrin*^  the  past  decade  there  has  been  such  a  narrow  niarjrin  between 
the  cost  of  produciii":  farm  products  and  the  amount  received  for  them 
that  thousands  of  farmers  have  each  year  been  forced  out  of  the  farm- 
ing business.  It  is  probable  that  there  has  been  a  survival  of  the  fittest 
so  that  those  now  left  are  to  some  extent  a  selected  group  who  conduct 
their  farms  by  relatively  efficient  methods. 

Just  as  industrial  concerns  have  learned  that  their  continued  exist- 
ence depends  upon  the  adoption  by  them  of  the  most  efficient  and  eco- 
nomical methods  of  production,  so  may  farmers  learn  to  profit  by  the 
adoption  of  new  methods  that  will  cut  their  costs  of  production.  In 
this  bulletin  is  presented  a  discussion  of  different  methods  of  feeding 
dairy  cows,  and  a  method  of  rationing  is  recommended  which,  it  is 
believed,  will  result  in  lower  costs  of  producing  milk  and  butter  fat. 

PRINCIPLES  OF  FEEDING  DAIRY  COWS 

Cows  eat  grass,  hay  and  grain  to  obtain  the  necessary  nutrients  for 
the  maintenance  of  their  bodies  and  the  production  of  the  milk  they 
produce.  Not  all  the  food  they  eat  is  digested.  A  part  of  it  is  indi- 
gestible and  is  eliminated  from  the  body  as  waste.  The  part  that  is 
digestible  is  termed  "digestible  nutrients"  and  it  is  the  digestible 
nutrients  in  feeds  that  are  most  valuable  to  dairymen. 

DiaESTIBnJTT  OF  FEEDS 

Not  all  feeds  are  equally  digestible.  The  digestibility  of  alfalfa  hay 
is  51.6  per  cent,  bran  60.9  per  cent,  and  corn  84.2  per  cent.  Each  food 
product  has  a  digestion  factor  that  has  been  found  in  most  cases  by 
actual  feeding  trials  with  animals.  Foods  like  corn  and  barley  that 
have  a  high  digestibility  are  called  "concentrates"  and  those  with  a  low- 
digestibility  like  hay  and  silage  are  called  "roughages." 

MAINTENANCE  REQUIREMENTS  OF  COWS 

Cows  require  a  certain  amount  of  food  to  maintain  their  body 
weight  and  to  provide  for  the  growth  of  the  unborn  calf.  The  amount 
required  for  maintenance  has  been  found  by  experiment  to  be  roughly 
proportional  to  the  weight  of  the  cow.  The  factor  most  usually  adopted 
by  dairy  specialists  as  being  the  amount  required  for  daily  main- 
tenance of  the  average  dairy  cow  is  7.925  pounds  of  digestible  nutrients 
per  1,000  pounds  live  weight.  For  all  practical  purposes  the  dairyman 
niay  adopt  eight  pounds  digestible  nutrients  per  1,000  pounds  live 
weight  as  his  standard.  In  terms  of  alfalfa  hay,  this  is  equivalent  to 
15.4  pounds  for  a  cow  w^eighing  1,000  pounds  or  20  pounds  hay  for  a 
cow  weighing  1,300  pounds.  This  amount  of  hay  is  an  overhead  expense. 
It  is  only  the  food  which  the  cow  eats  in  excess  of  this  maintenance 
ration  that  goes  into  the  production  of  milk. 
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BEQUIBEMENTS  FOB  MILK  PRODUCTION 

The  food  that  the  cow  eats  in  excess  of  that  required  for  maintenance 
goes  either  into  the  production  of  milk  or  the  laying  on  of  fat  in  the 
body.  Good  dairy  cows  use  their  excess  food  for  milk  production  and 
are  very  diflBcult  to  fatten,  but  there  are  cows  that  cannot  be  forced 
into  high  milk  production  because  they  do  not  have  the  inherent  ability 
of  the  typical  dairy  cows  to  turn  their  food  into  milk. 

It  has  been  found  by  thousands  of  trials  conducted  by  dairy  special- 
ists in  different  parts  of  the  world  that  the  amount  of  digestible  nutri- 
ents required  by  good  dairy  cows  for  the  production  of  milk  is  quite 
constant  for  milk  of  any  given  fat  content,  but  more  nutrients  are 
required  for  milk  rich  in  fat  than  for  milk  of  poorer  quality.  For 
instance,  each  pound  of  milk  testing  3.5  per  cent  requires  that  the 
average  cow  should  eat  .295  pound  of  digestible  nutrients  in  excess  of 
the  nutrients  required  for  maintenance.  In  terms  of  alfalfa  hay  this 
means  .6  pound  of  hay  must  be  eaten  for  each  pound  of  milk  produced. 
The  production  of  40  pounds  of  milk  by  a  1,300  pound  cow  would  then 

20  pounds  hay  for  maintenance 
24  pounds  hay  for  the  milk 

44  pounds  hay  total 

The  consumption  of  44  pounds  of  hay  per  day  is  beyond  the  capacity 
of  most  cows.  However,  some  cows  are  able  to  produce  more  than  40 
pounds  of  milk  daily  on  an  all-hay  ration  for  several  months  by  utiliz- 
ing the  fat  of  the  body  that  was  accumulated  during  the  time  of  low 
production  near  the  end  of  the  previous  lactation  period  and  while  dry. 
There  is  also  a  difference  in  the  efficiency  of  animals  in  digesting  their 
foods  which  may  account  for  the  ability  of  some  unusual  cows  to  pro- 
duce more  than  would  be  expected  of  them  on  an  all-alfalfa  hay  ration. 

The  capacity  of  the  average  cow  to  consume  hay  is  limited  to  about 
30  pounds  per  day  for  a  1,000  pound  cow  or  36  pounds  for  a  1,300 
pound  cow.  To  get  an  amount  of  milk  during  the  year  greater  than 
can  be  supplied  by  the  hay  the  cow  is  capable  of  eating  requires  an 
additional  ration  of  concentrates. 

PBOTEIN 

The  digestible  nutrients  discussed  above  contain  the  nutritive  ele- 
ments protein,  carbohydrates  and  fat.  In  Nevada  where  alfalfa  or 
other  legume  hay  is  almost  universally  fed  as  roughage  it  is  not  often 
necessary  to  take  the  amount  of  protein  into  consideration,  but  when 
legume  hay  is  not  available  with  which  to  feed  the  dairy  herd  it  will 
be  necessary  to  add  protein  to  the  ration  by  feeding  protein-rich  con- 
centrates as  will  be  explained  later. 

With  these  explanations  the  dairj^man  will  be  able  to  more  fully 
understand  the  faults  and  virtues  of  the  feeding  methods  'to  be 
described. 

DAIBY  COW  RATIONS 

One  of  the  factors  in  securing  economical  production  of  dairy 
products  consists  in  the  giving  of  careful  attention  to  the  dairy  ration 
in  order  that  the  cows  may  be  fed  the  amount  of  nutrients  required 
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for  the  most  efficient  and  economical  production.  In  actual  practice 
there  is  little  unanimity  among  dairymen  as  to  what  constitutes  efficient 
and  economical  feeding.  In  practice  there  are  five  well  defined  methods 
f>f  rationing  daiiy  cows. 

THE  ALL-BOUQHAQE  RATION 

1.  The  most  common  practice  in  Nevada  is  to  feed  all  the  alfalfa  hay 
the  cows  will  eat  without  any  grain  supplement.  There  is  no  question 
but  that  this  method  of  feeding  results  in  remarkably  high  production 
when  the  cows  receive  alfalfa  hay  of  good  quality.  Individual  cows 
fed  on  alfalfa  hay  alone  have  been  known  to  produce  over  400  pounds 
of  butter  fat  in  one  year  while  cows  producing  in  excess  of  300  pounds 
of  butter  fat  without  any  other  feed  than  alfalfa  hay  are  quite  common. 
However,  when  there  are  cows  in  the  herd  of  high  productive  capacity, 
greater  production  and  larger  net  returns  can  be  obtained  under  nor- 
mal price  conditions  if  grain  were  to  be  fed  according  to  the  require- 
ments of  the  individual  cows. 

A  cow  fed  on  roughage  alone  is  limited  in  the  amount  of  milk  and 
butter  fat  she  can  produce.  The  digestive  capacity  of  cows  is  limited. 
Cows  of  high  productive  capacity  cannot  eat  and  digest  enough  food 
in  the  form  of  roughage  to  supply  the  nutrients  required  for  heavy 
milk  production.  It  is,  therefore,  profitable  to  feed  grain  supplements 
to  heavy  producers  but  it  is  not  profitable  to  feed  grain  to  mediocre 
cow.s  whose  production  is  not  in  excess  of  the  nutrient  requirements 
that  can  be  met  by  the  all-hay  ration.  For  these  reasons  the  all-hay 
ration  is  the  most  profitable  for  cows  of  low  or  average  productive 
capacity,  but  a  grain  supplement  becomes  profitable  when  fed  to  cows 
of  high  productive  capacity.  It  is  poor  business  to  underfeed  good 
cows. 

THE  SHABE-ALIKE  QBAIN  RATION 

2.  AVhere  grain  is  fed  it  is  a  very  common  practice  to  feed  practi- 
cally equal  grain  rations  to  all  cows.  This  method  of  feeding  is  faulty 
because  of  the  waste  that  is  certain  to  occur  since  the  cows  are  not  fed 
according  to  their  individual  requirements.  The  low  producing  cows 
are  getting  grain  that  they  do  not  need,  thereby  increasing  the  cost 
of  production.  The  better  cows  of  the  herd,  on  the  other  hand,  may 
not  be  getting  sufficient  grain  to  make  possible  the  highest  economic 
production,  and  the  owner  is  losing  an  opportunity  to  increase  his  net 
income.  Alfalfa  hay  provides  the  cheapest  form  of  total  digestible 
nutrients.  Costly  concentrates  should  not  be  fed  when  the  cow  is  able 
to  supply  her  nutrient  requirements  with  alfalfa  hay  alone.  It  is  bad 
business  to  overfeed  poor  cows.  On  the  other  hand,  when  a  high  pro- 
ducing cow  is  not  capable  of  eating  sufficient  alfalfa  hay  to  supply  her 
nutrient  requirements  she  should  be  fed  sufficient  grain  to  provide 
these  nutrients,  especially  when  one  pound  of  butter  fat  is  worth 
twenty  or  more  pounds  of  grain. 

THE  QBAIN-MILK  RATIO  METHOD 

3.  There  is  a  method  of  rationing  cows  that  is  very  commonly  advo- 
cated by  experiment  station  and  extension  workers,  and  that  is  to  feed 
grain  in  proportion  to  the  amount  of  milk  produced.     The  ratios  of 
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prrain  to  milk  most  commonly  advised  varies  from  one  pound  of  grain 
to  three  pounds  of  milk  for  the  lijrhter  breeds,  to  one  pound  of  crrain 
to  five  or  six  pounds  of  milk  for  the  heavier  breeds. 

This  is  a  more  lojrical  procedure  than  the  feeding  of  equal  srraiu 
rations  to  all  cows,  since  the  cows  are  fed  in  proportion  to  their  milk 
production.  This  method  has  been  widely  advocated  because  of  the 
ease  with  which  it  can  be  applied  in  practice  and  because  it  appn^aches 
the  balanced  ration  in  efficiency.  It  results,  however,  in  overfee<ling 
poor  cows  since  all  cows  t?et  some  jrrain.  Sufficient  nutrients  are  pn»- 
vided  by  alfalfa  hay  alone  for  low  producing  cows.  It  is  a  waste  of 
money  to  feed  high  priced  concentrates  to  supply  digestible  nutrients 
that  can  be  provided  by  alfalfa  hay.  The  digestible  nutrients  in  hay 
worth  $12  per  ton  cost  only  1.2  cents  per  pound  while  digestible  nutri- 
ents in  barley  at  $1.75  per  cwt.  costs  2.2  cents  per  pound.  It  i** 
economy  in  this  case  to  feed  the  cheaper  form  of  digestible  nutrients 
up  to  the  point  where  the  capacity  of  the  cow  is  reached  when  addi- 
tional nutrients  must  be  provided  in  the  more  costly  concentrate  form. 
This  ratio  method  of  feeding  could  be  improved  by  altering  it  to  read 
as  follows:  Feed  Holsteins  one  pound  of  grain  to  everj^  2Vo  jwunds 
of  milk  they  give  in  excess  of  30  pounds  and  feed  Jerseys  one  pound 
grain  to  every  2  pounds  of  milk  they  give  in  excess  of  25  pounds. 
When  thus  modified,  the  low  producers  would  not  be  overfed. 

THE  GBAIN-FAT  RATIO  METHOD 

4.  A  plan  that  has  been  advocated  to  some  extent  but  which  has  not 
been  widely  adopted  is  to  feed  as  many  pounds  of  grain  to  each  cow 
per  day  as  she  produces  butter  fat  in  a  week.  The  calculation  required 
would  be  to  multiply  the  daily  yield  of  milk  in  pounds  by  seven  and  by 
the  per  cent  fat.  The  result  would  be  the  number  of  pounds  of  butter 
fat  produced  per  week,  which  corresponds  with  the  number  of  pounds 
of  grain  to  feed  per  day.  The  method  is  not  popular  probably  because 
of  the  calculations  required,  and  it  would  not  result  in  a  wholly  satis- 
factory ration. 

THE  BALANCED  RATION  METHOD 

5.  The  method  of  feeding  most  widely  advocated  by  experiment  sta- 
tions is  to  provide  a  balanced  ration  designed  to  meet  the  requirements 
of  each  individual  cow.  The  requirements  for  dair\'  cows  have  Wn 
worked  out  experimentally  by  dairy  scientists  in  various  parts  of  the 
world.  The  results  are  in  quite  general  agreement  and  indicate  that 
the  most  economical  results  can  be  obtained  by  balancing  the  rations. 

It  has,  however,  been  so  difficult  to  calculate  balanced  rations  that 
most  practical  dairj'men  shy  away  from  this  method.  Even  graduates 
of  agricultural  colleges  who  have  been  trained  in  making  these  calcula- 
tions frequently  abandon  this  for  one  of  the  easier  methods.  It  is  only 
because  of  the  difficulty  in  making  the  calculations  that  this  motho<l 
has  not  been  more  generally  adopted. 

By  a  balanced  raticm  is  meant  the  feeding  of  just  enough  digestible 
nutrients,  both  of  protein  and  carbohydrates,  to  supply  the  ivquire- 
ments  (»f  the  cow  in  maintaining  her  body  weight  and  in  manufactur- 
ing the  milk  and  butter  fat  she  produces.  The  amount  of  wastaire  is 
reduced  to  a  minimum.    Each  cow  is  fed  to  the  limit  of  her  capacity  v> 
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I>  rod  lice  economically.  Good  cows  are  fed  enough  to  bring  the  greatest 
economic  returns,  while  on  the  other  hand,  expensive  concentrates  are 
not  wasted  on  poor  cows  that  do  not  respond  to  feeding. 

If  it  were  not  for  the  difficulty  of  making  the  calculations,  most  pro- 
gressive dairymen  would  undoubtedly  adopt  the  balanced  ration  sys- 
tem of  feeding.  To  make  calculations  easier  the  author  has  worked  out 
ealeiilating  charts  that  are  easy  to  use  and  which  make  it  possible  to 
calculate  in  a  very  short  time  the  nutrient  requirements  of  any  indi- 
vidual dairy  cow"  and  the  amount  of  each  kind  of  feed  necessary  to 
meet  those  requirements.  The  charts  are  simple,  so  that  any  farmer 
may  quickly  learn  to  use  them. 

It  is  necessary  to  know  or  to  estimate  the  daily  production  of  milk, 
the  average  per  cent  butter  fat,  and  the  approximate  weight  of  the  cow. 
The  rations  should  be  readjusted  once  or  twice  a  month.  An  estimated 
weight  of  the  cow  will  be  sufficiently  accurate  on  most  private  farms. 
An  approximate  butter  fat  percentage  may  be  used  if  monthly  tests  are 
not  made.  When  the  tests  of  the  individual  cows  of  the  herd  are  not 
known  the  average  percentage  for  thje  breed  may  be  used  as  follows : 

Ayrshire 4.0' v 

Brown  Swiss 4.0'/r 

Guerjisey 5.09^ 

Jersey 5.4' v 

Ilolstein 3.4'; 
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OALOULATIKa  GRAIN  RATION  BT  CHART 

Chart  I  is  designed  for  the  purpose  of  calculating  the  nutrient 
requirements  of  dairy  cows  and  the  amount  of  grain  and  hay  neces- 
sary to  meet  these  requirements.    Take  for  example: 

Weight  of  cow 1,300  lbs. 

Milk  per  day 45  lbs. 

Test 4% 

How  much  grain  in  addition  to  normal  hay  consumption  should  be 
fed  to  meet  requirements  1 

1.  Lay  a  ruler  from  45  on  the  right-hand  scale  to  1,300  on  the  weight 
of  cow  scale  in  the  center  of  the  chart.  Place  the  point  of  a  pencU 
where  the  ruler  crosses  the  4%  line  in  the  series  of  middUe  scales. 
Remove  the  ruler,  leaving  the  point  of  the  pencil  in  place  and  read 
the  result  on  the  scale,  which  is  25.0  pounds. 

2.  Replace  the  ruler  so  that  it  will  cross  25.0  on  the  pounds  total 
nutrients  scale  on  the  left  half  of  the  chart  and  1,300  pounds  weight  of 
cow  on  the  same  scale  as  before  and  note  the  reading  where  the  ruler 
crosses  the  left-hand  scale,  "pounds  grain  required  daily,"  which  is  in 
this  case,  8.4  pounds.  This  means  that  8.4  pounds  of  grain  mixture  is 
required  in  addition  to  normal  consumption  of  alfalfa  hay  to  supply 
nutrient  requirements. 

In  like  manner,  the  grain  requirements  may  be  determined  for  cows 
of  any  other  weight  and  productive  capacity,  thereby  avoiding  the  a^^e 
of  tables  and  complicated  arithmetical  computations. 
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HAY  CONSUMPTION  OF  COWS 

In  a  general  way  cows  are  able  to  consume  an  amount  of  hay  roughly 
proportionate  to  their  weight,  as  indicated  by  the  central  scale  of 
Chart  I,  but  the  appetites  of  individual  cows  of  equal  weight  may  dif- 
fer (piite  materially.  These  charts  are  constructed  for  average  cows. 
If  the  dairyman  is  sure  that  any  of  the  cows  in  his  herd  eat  a  different 
amount  of  hay  than  that  shown  for  given  bmly  weights,  he  may  use  the 
hay  scale  instead  of  the  weight  scale  when  calculating  the  grain 
reipiired. 

If,  in  the  example  given  above,  the  dairyman  were  to  as.sume  that  the 
1, 300  pound  cow  eats  38  pounds  of  hay  daily,  he  may  place  the  ruler 
from  38  on  the  hay  scale  to  25.0  on  the  nutrients  scale  and  will  then 
note  that  only  seven  pounds  of  grain  are  required  instead  of  8.4  j)ounds 
that  were  found  to  be  required  if  she  consumed  the  smaller  amount  of 
hay  daily. 

If  the  farmer  has  wild  or  timothy  hay  without  alfalfa  it  is  not 
probable  that  his  cows  will  be  able  to  eat  so  much  as  is  indicated  by  the 
chart.  A  cow  weighing  1,300  pounds  receiving  nonlegume  hay  might 
eat  only  30  pounds  per  day.  In  such  a  case,  lay  the  ruler  from  30  on 
the  hay  scale  to  25  on  the  nutrients  scale  and  it  will  be  found  that  12.5 
pounds  of  grain  will  be  required. 

When  cows  are  on  pasture  they  will  usually  require  the  same  grain 
ration  as  when  they  are  on  a  full  feed  of  alfalfa  hay.  Pasture  grass  is 
a  roughage,  and  high  producing  cows  are  unable  to  eat  and  digest 
enough  to  supply  nutrients  for  all  the  milk  they  are  capable  of  pro- 
ducing economically.  For  this  reason  grain  should  be  fed  to  high 
producing  cows  on  pasture. 

KIND  OF  GBAIN 

For  all  practical  feeding  where  alfalfa  hay  constitutes  the  greater 
part  of  the  roughage  fed.  Chart  I  is  sufficiently  accurate  to  be  used 
without  correction,  regardless  of  the  kind  of  grain.  If  it  were  neces- 
sary' to  take  the  protein  into  consideration  this  would  not  be  the  case, 
but  in  all  available  rations  protein  is  supplied  in  excess  when  alfalfa 
hay  is  fed.  The  total  nutrients  in  any  ration  that  Is  likely  to  be  com- 
pounded from  the  feeds  available  in  Nevada  will  fall  within  the  limits 
of  the  standard  ration  as  suggested  by  Henry  and  Morrison. 

Calculating  from  tables  in  Feeds  and  Feeding,  it  will  be  found  that 
the  requirements  for  a  cow  weighing  1,300  pounds  and  giving  45 
pounds  of  4/^  milk  are  as  follows: 

^— DKJFSTHT.K    Xl'TRIEXTS    KKQI'IREP-^ 

Miniminn  Maxiunini 

Maintenance  (factor  .07925) 10.30  lbs.  10.30  lbs. 

Milk  (factors  .311-.346) 1-4.00  lbs.  15.57  lbs. 


Total  nutrient  requirement 24.30  lbs.  25.87  lbs. 

It  appears  from  this  that  the  nutrient  requirement  may  be  taken  at 
any  point  between  these  two  figures,  24.3  and  25.9.  The  chart  indi- 
cates that  8.4  i)ouii(ls  of  grain  in  addition  to  36  pounds  of  alfalfa  hay 
will  meet  these  re(juirements.  Eight  and  four-tenths  pounds  of  any 
grain  mixture  that  is  likely  to  be  conii)ounded  from  the  most  commonly 
u^ed  feeds,  viz. :     Barley,  oats,  corn,  millrun,  linseed  or  cottonseed  oil 
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meal    will  supply  total  nutrients  between   the  limits  24.3   and   25.9 
rer|uired  by  the  standard. 

Whenever  alfalfa  hay  or  other  lej?ume  is  not  available  it  will  be 
necessary  to  add  some  concentrate,  rich  in  protein,  to  the  ration.  Cot- 
tonseed meal  or  linseed  meal  are  suitable  for  this  purpose.  Oil  meal 
may  be  added  to  other  concentrates  in  the  proportion  of  one  part  oil 
meal  to  2  or  3  parts  of  barley,  corn,  millrun  or  other  low  protein  feed. 
Oil  meal  need  not  be  included  in  the  grain  ration  so  lonj?  as  alfalfa  hay 
constitutes  as  much  as  50  per  cent  of  the  roughage. 

TOTAL  NUTRIENTS  IN  VARIOUS  FEED  COMBINATIONS 

While  Chart  I  will  be  found  sufficiently  accurate  for  practical  farm 
u.se,  it  is  sometimes  desirable  to  be  able  to  determine  the  amount  of 
total  digestible  nutrients  in  any  combination  of  available  feeds.  This 
will  be  especially  the  case  when  agricultural  classes  in  high  schools 
and  colleges  are  studying  the  subject  of  dairy  rations. 

For  this  purpose  Chart  II  is  presented.  By  its  use  the  total  digesti- 
ble nutrients  in  any  combination  of  the  commonly  used  dairy  feeds  of 
Nevada  may  be  quickly  calculated.  The  inclusion  of  other  roughages 
than  alfalfa  has  been  purposely  avoided  in  order  to  keep  the  chart  as 
simple  as  possible.  The  substitution  of  bluegrass  or  timothy  hay  for 
alfalfa  will  not  materially  affect  the  results,  since  bluegrass  contains 
the  same  percentage  of  digestible  nutrients  as  alfalfa  and  timothy  hay 
contains  only  .6  per  cent  less  nutrients. 

If  silage  is  fed  it  will  be  sufficiently  accurate  to  assume  that  one 
pound  of  alfalfa  is  equivalent  to  three  pounds  corn  silage  or  four 
pounds  sunflower  silage.  Assume,  for  example,  that  25  pounds  alfalfa 
hay  is  fed  with  30  pounds  of  corn  silage.  What  is  this  equivalent  to 
in  terms  of  alfalfa  hay  ? 

Since  one  pound  of  alfalfa  hay  is  equal  in  feeding  value  to  about  3 
pounds  of  silage,  30  pounds  of  corn  silage  will  be  equivalent  to  ]0 
pounds  alfalfa  hay.  Therefore,  the  ration  is  equivalent  to  35  pounds 
alfalfa  hay  and  either  Chart  I  or  Chart  II  may  be  used  as  if  35  pounds 
alfalfa  hay  were  actually  being  fed  daily. 
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OALOULATIKG  TOTAL  NUTBIEKTS 
To  use  Chart  II  proceed  as  illustrated  by  the  following?  example: 
Find  the  total  digestible  nutrients  in  the  following  ration : 
36     pounds  alfalfa  hay 
5      pounds  barley 
0     pounds  corn 
3.6  pounds  millrun 

1.  Lay  a  ruler  from  36  on  the  alfalfa  scale  to  5  on  the  left-hand 
scale  and  put  the  point  of  a  pencil  where  the  ruler  crosses  the  barky 
scale. 

2.  Since  no  corn  is  fed,  lay  the  ruler  from  the  pencil  point  on  the 
barley  scale  to  0  on  the  left-hand  scale  and  put  the  point  of  the  pencil 
where  the  ruler  crosses  the  corn  scale,  L 

3.  Place  the  ruler  from  the  pencil  point  on  the  corn  scale  to  3  on  the 
left-hand  scale  and  put  the  point  of  the  pencil  where  the  ruler  crosses 
the  millrun  scale.  Note  this  reading  which  is  25.0.  This  means  that 
the  ration  given  above  would  supply  25.0  pounds  total  digestible 
nutrients. 

Note  :  In  using  the  chart  the  feed  must  always  be  calculated  from 
right  to  left  in  the  order  given.  When  in  going  from  right  to  left  it  i< 
necessary  to  pass  by  a  grain  that  is  not  fed  (as  in  the  case  of  corn 
above),  it  is  necessary  to  go  through  the  motions  of  making  the  calcu- 
lation by  laying  the  ruler  from  the  point  of  last  intersection  to  zero  in 
the  same  manner  as  if  this  feed  were  present. 
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PROTEIN  EEQUIEEMENT  OF  DAIBT  COWS 

Alfalfa  hay  is  fed  by  practically  all  dairymen  in  Nevada  and  aslonn 
as  alfalfa  hay  constitutes  fifty  per  cent  of  the  roughage  fed,  the  pro- 
tein requirements  will  be  fully  met  without  the  addition  of  such 
protein-rich  feed  as  oil  meal.  However,  when  it  is  desired  to  calculate 
protein  requirements  and  protein  in  any  feed  combination,  Charts  HI 
and  IV  may  be  used. 

Chart  III  is  used  in  the  same  manner  as  Chart  I.  For  example,  fiii<^ 
the  protein  requirement  for  a  cow  weighing  1,300  pounds  giving  ^' 
pounds  daily  of  4%  milk. 

Lay  the  ruler  from  45  on  the  right-hand  scale  to  1,300  on  the/n/- 
hand  scale  and  place  the  point  of  the  pencil  where  the  ruler  crosses  the 
4*/c  line.  Remove  the  ruler  and  note  that  this  reading  is  3.6,  whicn 
represents  the  number  of  pounds  of  digestible  protein  required  by 
this  cow  daily. 
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PROTEIN  AVAILABLE  IN  ANT  OOBIBINATION  OF  FEEDS 

Chart  IV  is  used  in  the  same  manner  as  Chart  11.  For  example: 
Find  the  protein  in 

36      pounds  alfalfa  hay 
5     pounds  barley 
3.6  pounds  millrun 

1.  Lay  the  ruler  from  36  on  the  alfalfa  scale  to  five  on  the  left-hand 
scale  and  place  the  point  of  the  pencil  where  the  ruler  crosses  the  bar- 
ley scale.  The  reading  is  4.2  which  means  that  there  are  4.2  pounds 
protein  in  the  above  amount  of  hay  and  barley. 

2.  No  corn  is  fed.  Place  the  ruler  from  the  point  of  the  pencil  on  the 
barley  scale  to  0  on  the  left-hand  scale  and  put  the  point  of  the  pencil 
where  the  ruler  crosses  the  corn  scale.  The  reading  will  still  be  4.2  as 
on  the  previous  scale. 

3.  Place  the  ruler  from  the  point  of  the  pencil  on  the  corn  scale  to 
3.6  on  the  left-hand  scale  and  place  the  point  of  the  pencil  where  the 
ruler  crosses  the  millrun  scale.  Remove  the  ruler  and  read  4.7.  This 
is  the  number  of  pounds  of  digestible  protein  in  the  ration  listed  above. 

This  ration  provides  one  more  pound  of  protein  than  the  standard 
calls  for  in  the  example  illustrating  Chart  III.  This  excess  protein 
comes  from  the  large  amount  of  alfalfa  hay  fed  and  may  be  disre- 
garded. Alfalfa  is  usually  the  cheapest  feed  available  for  dairy  stock, 
so  that  any  attempt  to  reduce  the  protein  to  the  standard  requirement 
would  result  in  economic  loss.  It  has  not  proven  injurious  to  feed 
dairy  cows  a  continuous  unlimited  ration  of  alfalfa  hay  with  grain 
supplements,  and  there  is  little  evidence  that  continuous  feeding  of 
alfalfa  hay  as  roughage  is  injurious  even  when  continued  for  the  life 
of  the  cow. 
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TO  FIND  THE  COST  OF  DIGESTIBLE  NUTBIENTS  IN  FEEDS 

When  feeds  must  be  purchased  for  feeding  cows  or  other  liw  sTfu'k 
it  is  important  to  know  the  cost  per  pound  of  the  digestible  nutrient^ 
in  order  that  the  most  economical  ration  may  be  procured.  To  cakn- 
late  the  cost  of  nutrients  by  arithmetic  is  tedious  but  by  the  use  of 
Charts  TV  and  V  calculation  becomes  very  simple.  The  cost  per  ]»oiin'l 
of  total  nutrients  or  of  protein  at  any  market  price  may  be  ftaui«l 
merely  by  laying  a  ruler  across  two  points  and  reading  the  answer  on 
a  scale. 

Example :  What  is  the  cost  of  protein  in  alfalfa  hay  at  $13  per  ti>ii 
and  in  timothy  at  $10 1 

Lay  a  ruler  from  15  on  the  central  scale  of  Chart  V  to  alfalfa  on  thf 
diagonal  scale  to  the  right  and  read  the  cost  on  the  righf-haml  >('(/♦. 
which  is  in  this  case  7c.  per  pound.  Next  lay  the  ruler  from  10  on  the 
central  scale  to  timothy  on  the  diagonal  scale,  and  read  the  answer  on 
the  right-hand  scale,  which  is  in  this  case  14c.  Protein,  therefore,  crisis 
oidy  half  as  much  per  pound  in  alfalfa  hay  at  $15  as  in  timothy  at  J^IO 
per  ton. 

In  like  manner  the  total  nutrient  cost  may  be  calculated  on  the  left 
half  of  Charts  V  or  VI  for  any  feed. 

Example:  What  is  the  cheapest  form  of  total  nutrients,  alfalfa 
hay  at  $15  or  corn  silage  at  $4  ? 

Lay  the  ruler  from  the  price  per  ton  to  the  name  of  each  feed  on  tho 
left  half  of  the  chart  and  find  that  the  total  nutrients  of  alfalfa  e'>^t< 
1.2c.  a  pound  while  in  silage  the  cost  is  only  1.0c. 
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TABLE  I 
Analyses  of  Dairy  Feeds  Most  Commonly  Used  in  Nevada* 

Digeatible 
crude  protein 

Grain FKtos  Percent 

tBarley,  common 0.0 

Corn,  dent,  grade  No.  1 7.4 

tCorn,  dent,  grade  No.  2 7.1 

tOats 0.7 

Rye 0.9 

By-Products — 

tBeet  pulp 4.r» 

Cocoanut  meal,  new  process 10.0 

Cocoanut  meal,  old  process 18.0 

Cottonseed  meal,  choice •'^7.0 

Cottonseed  meal,  prime .*1.*».4 

toil  meal 'V2X* 

Linseed  meal,  new  process ^51.7 

Linseed  meal,  old  process 30.2 

tWbeat  bran,  all  analyses 12.5 

Wheat  feed  (millrun) ♦WT/a.f 

Dried  Roughage — 

Corn  fodder,  very  dry 3.5 

Com  fodder,  medium  water 3.0 

Corn  stover,  very  dry 2.2 

Sorghum  fodder,  dry 2.8 

Hay— 

tAlfalfa 10.0 

Alfalfa  meal 10.2 

Alfalfa  leaves 17.3 

Clover,  red,  all  anaUvses IJ* 

Clover,  sweet 10.0 

tTimothy,  early  to  full  bloom 3.0 

tBluegrass- Kentucky,  all  analyses 4.7 

Silage  and  Roots — 

tSugar  beets 1.2 

tMangel 0.8 

tPotato 1.1 

Piunpkin.  field 1.1 

tCoru  silage 1.1 

Sunflower  silage .% 1.0 

•Analjrses  from  Henry  and  Morrison's  Feeds  and  Feeding,  18th  edition. 
tThese  analyses  used  in  construction  of  cliarts. 


Digestible 
nutrients 
Per  cent 

70.4 
84.2 
81.7 
70.4 
81.0 

71.0 
70.8 
78.8 
78.2 

75.7 
75.0 
77.0 
00.0 
'ti^2C7'0 

.58.0 
5.3.7 
52J> 
52.1 

51. (» 
.50.7 
00.0 
.50.0 
50.7 
.51.0 
51.0 

14.0 

7.4 
17.1 

(».7 
17.7 
12.0 


TABLE  II 
Daily  Nutrient  Bequirement  of  Dairy  Cows 

Digestible  Digestible 

crude  protein  nutrients 

Maintenance  and  Pboductign                                                  Pounds  Pounds 

Malntenanct*  per  1,000  lbs.  live  weight 700  7.025 

Per  lb.  :i    i>er  cent  milk 0.52  .270 

Per  lb.  .3.5  per  cent  milk 0.5(?  .205 

Per  lb.  4     per  cent  milk 0<50  ..320 

Per  lb.  4.5  per  cent  milk 0<'»4  .:550 

Per  lb.  5     per  cent  milk <^»8  .375 

Per  lb.  5.5  jH^r  cent  milk 071  .44*5 

Per  lb.  0    per  cent  milk 075  .430 

Per  lb.  0.5  jier  cent  milk 078  .4.55 

Per  U).  7    per  cent  milk 082  .480 

Adapted  from  Henry  and  Morrison's  Feeds  and  Feedinpr,  18th  edition. 
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SUMMARY 

1.  Detailed  cost  accounts  were  kept  on  private  farms  in  the  vicinity 
of  Reno,  Fallon,  Fernley  and  Lovelock  during  the  three  years  1926, 
1927  and  1928.  Accounts  were  kept  with  all  enterprises  in  which  the 
farmers  were  engaged,  but  the  results  in  this  bulletin  apply  only  to  the 
cost  of  producing  alfalfa. 

2.  In  the  area  studied  alfalfa  is  the  leading  farm  crop,  both  from 
the  standpoint  of  area  planted  and  from  net  income  obtained. 

3.  At  the  prices  current  when  the  study  was  made,  the  cost  per  ton 
to  produce  alfalfa  hay  varied  according  to  location  and  yield  per 
acre.  The  average  cost  at  Fallon  was  $6.90  per  ton,  at  Fernley  $7.87 
per  ton,  and  at  Reno  $11.78  per  ton. 

4.  The  yield  per  acre  has  a  marked  effect  on  the  cost  of  production 
per  ton,  and  this  effect  is  shown  by  means  of  a  graph  which  indicates 
the  extent  to  which  increased  yields  reduce  the  cost  per  ton. 

5.  The  effect  of  variable  seasons  on  yields  and  cost  is  shown  for 
identical  farms  for  three  successive  years.  When  alfalfa  aphis  reduced 
the  yield  on  the  Newlands  project  in  1927,  the  cost  of  producing  a  ton 
of  hay  was  increased  18  per  cent  over  the  cost  for  the  previous  year. 

6.  The  net  cost  of  securing  new  stands  of  alfalfa  was  found  to  be 
highly  variable.  The  average  net  cost  was  found  to  be  $23.31  per  acre 
at  Fallon  and  $12.90  at  Reno. 

7.  The  effect  of  maintenance  of  equipment  on  the  cost  of  producing 
alfalfa  hay  is  discussed.  As  a  rule  the  equipment  cost  per  ton  becomes 
less  as  the  area  in  alfalfa  increases. 

8.  A  discussion,  supplemented  by  a  graph,  is  presented  showing  the 
effect  of  the  area  in  crop  on  the  distribution  of  labor  throughout  the 
year. 

9.  The  labor  requirement  was  found  to  be  proportional  to  the  area 
in  crop.     The  average  time  on  all  farms  was  26  hours  per  acre. 

10.  The  effect  of  location  and  yield  per  acre  on  various  kinds  of  field 
work  is  discussed.  Furrow  irrigation  required  more  labor  than  irriga- 
tion by  flooding.  The  time  required  per  acre  to  mow,  rake,  bunch,  cock 
and  stack  alfalfa  hay  is  given,  and  the  effect  of  yield  on  labor  require- 
ment is  shown  by  graphs. 

11.  A  table  of  standard  labor  requirements  is  given  which  should 
be  valuable  to  farmers  as  eflficiency  standards  by  which  they  may  meas- 
ure their  own  efficiency  or  estimate  the  labor  necessary  for  work  to 
be  done. 

12.  Charts  are  given  which  make  it  possible  to  determine  quickly 
the  cost  of  producing  alfalfa  hay  per  acre  or  per  ton  under  almost  any 
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new  combination  of  economic  conditions.  By  iitilizinjr  these  charts 
one  may  recalculate  the  cost  of  production  at  any  rate  for  man  lalM>r 
or  horse  labor,  any  interest  rate,  any  land  valuation,  or  any  yieltl 
per  acre. 

13.  Several  examples  are  given  showing  how  the  charts  may  be  n^sl 
for  solving  practical  examples  in  hay  production  costs. 
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PREFACE 

In  January,  1926,  a  new  project  was  started  by  the  Nevada  Agri- 
cultural Experiment  Station  which  had  for  its  object  a  study  of  the 
cost  of  production  of  the  crops  and  live  stock  produced  on  the  small 
farms  of  western  Nevada.  These  costs  of  production  studies  are  being: 
conducted  for  the  purpose  of  getting  at  the  basic  principles  of  irriga- 
tion agriculture  by  determining  those  factors  in  the  conduct  of  farm 
enterprises  which  affect  the  economy  of  production.  Some  of  the  spe- 
cific objectives  may  be  stated  as  follows : 

(1)  Determination  of  the  most  profitable  individual  enterprises  and 
the  factors  that  affect  the  profitableness  of  each. 

(2)  Determination  from  the  economic  standpoint  of  the  desirable 
combinations  of  enterprises  adapted  to  the  region  studied. 

(3)  Determination  of  the  average  unit  requirements  for  each  enter- 
prise. 

(4)  Determining  under  what  economic  conditions  the  opening  of  new 
lands  for  irrigation  development  or  the  breaking  up  of  large  tracts  into 
small  farms  may  be  justified. 

This  bulletin  deals  with  the  factors  affecting  the  cost  of  producing 
alfalfa  hay  and  a  determination  of  the  unit  requirements  of  the  various 
operations  necessary  in  the  production  of  alfalfa.  Other  bulletins 
will  follow  taking  up  other  phases  of  this  study. 
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FACTORS  AFFECTING  THE  COST  OF  PRODUCTION  OF 
ALFALFA   HAY   IN   WESTERN    NEVADA 


METHODS  OF  SECUBJNG  DATA 

About  thirty  cooperating  farmers  were  secured  each  year  who  vol- 
unteered to  keep  cash  accounts  of  all  moneys  received  and  expended 
and  to  keep  a  diary  of  all  labor  performed  on  the  farm.  These  records 
were  inspected  and  collected  weekly  by  a  route  man  who  mailed  them 
into  the  central  office  for  posting.  The  route  man  also  took  such  other 
notes  as  might  be  necessary  regarding  rations  fed  to  live  stock,  crops 
planted,  and  other  essential  information.  At  the  central  office  all 
records  were  promptly  posted  to  their  proper  ledgers  in  order  that 
errors  or  omissions  might  be  quickly  detected. 

The  number  of  cooperators  who  kept  records  on  the  growing  of 
alfalfa  in  each  district  for  the  years  1926,  1927  and  1928  was  as 
follows : 

Tear  Reno        Fcnilr//      Lorclork       Fallon         Total 

1926 7  «l  2  11  2(J 

1927 5  5  0  12  22 

1928 4  4  0  15  2:1 

In  securing  cooperators  it  is  not  intended  that  they  be  selected  from 
among  the  best  farmers,  but  usually  it  is  only  the  better  type  of 
farmers  w^ho  will  enter  into  cooperation  of  this  sort.  The  averages 
given  therefore  do  not  represent  mass  averages,  but  averages  obtained 
on  farms  operated  by  good  farmers,  whose  methods  are  slightly  more 
eflScient  than  those  of  the  mass.  In  interpreting  these  averages  it 
should  be  kept  in  mind  that  the  costs  given  are  probably  lower  than 
the  average  for  the  districts  as  a  whole,  for  the  reason  that  most  of 
the  cooperators  are  somewhat  better  than  average  farmers. 

In  these  studies,  labor  and  materials  used  or  produced  have  been 
valued  at  the  general  market  price  for  the  locality.  Labor  of  the  fam- 
ily and  any  labor  that  might  be  donated  by  neighbors  is  valued  at  the 
cost  of  equivalent  hired  labor.  Hay  fed  to  live  stock  is  credited  as  if  it 
had  been  sold  to  the  stock  at  market  prices. 

AREAS  STUDIED 

The  areas  studied  lie  in  the  counties  of  Washoe,  Lyon,  Churchill 
and  Pershing,  as  indicated  by  the  black  shading  on  the  accompanying 
map  of  Nevada.  In  the  Lovelock  area  only  two  farms  cooperated  for 
one  year,  but  as  the  soil,  climate  and  agriculture  of  that  section  are 
similar  to  that  of  the  Fallon  area,  the  data  acquired  at  this  place  are 
considered  to  be  applicable  to  the  Lovelock  section. 

The  Reno  and  Femley  districts  receive  their  water  supply  from  the 
Truckee  River,  Lovelock  from  the  Humboldt  River,  and  Fallon  from 
the  Carson  River,  supplemented  by  additional  water  from  the 
Truckee.  In  1926  and  1928  irrigation  water  was  short  along  the 
Truckee  and  Humboldt  Rivers,  which  resulted  in  reduced  yields  of 
third-crop  hay  in  the  region  irrigated  by  these  streams,  but  the  yields 
at  Fallon  were  not  materially  affected  by  water  shortage  during  any 
of  the  three  years. 

The  results  of  this  study  of  the  cost  of  producing  alfalfa  hay  are 
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applicable  to  all  irrigated  sections  where  alfalfa  hay  is  raised  by 
similar  methods,  or  may  be  made  to  apply  by  readjusting  some  of  the 
values  as  will  be  explained  later  in  this  bulletin.  The  results  for 
mowing  will  not  apply  where  tractors  are  used  for  mowing,  and  the 


Location  of  Cost  Studies 

1.  Reno  District 

2.  Fernley  District 

3.  Fallon  District 

4.  LoTolock  District 


results  for  stacking  will  not  apply  where  loaders  are  used  for  loading 
the  hay  onto  the  wagons.  The  methods  included  in  this  study  are  those 
(*ommonlv  iLsed  on  small  irrigated  farms. 
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WEATHER  CONDITIONS 

The  weather  eoiulitioiis  in  western  Nevada  are  favorable  to  I  lie 
produetioii  of  alfalfa  hay  of  the  hijjhest  quality.  The  rainfall  in 
summer  is  negrli^ible,  and  the  hay  is  seldom  daraaj?ed  by  rains  durin«r 
the  harsestinj?  period.  For  this  reason  the  hay  usually  «roes  into  the 
stack  and  c(unes  out  with  the  brifrht  {jreen  color  so  (*haracteristie  of 
the  hay  produeeil  in  the  arid  sections  of  the  United  States. 

Because  of  the  elevation  above  sea  level  (3,900  to  4,6(K)  feet)  and 
the  proximity  of  snow-capped  mountains,  the  area  in  which  this  study 
was  made  is  subject  to  late  sj)rin*r  frosts,  but  these  are  seldom  severe* 
enoujfh  to  damajre  the  jrrowinp:  alfalfa.  The  nijrhts  are  usually  cool  and 
the  days  hot  during  the  jrrowinjj:  seas(m. 

TABLE  I     MEAN  MONTHLY  PRECIPITATION  DURING 
OROWINO  SEASON 

Month                               IfviKt           Fvi'iilrfi          Falion  Litrrhnlc          Mean 

Muy Vu\               .."il                .."Mi  .4:{  .."io 

JuiUf 2!»                 :l\                 .2!»  'A  :m\ 

July -J.'!                 :2\                 .1.%  .20  :l\ 

-Vujriisr 1*2              .IS              :s.\  .i.'»  .20 

SeptenilKT 2«i  .is  .2.S  .2M  .2.' 

OctolMT M\  .2S  .42  .:i7  ..{«; 

Animal s.io  .^."io  4.r,7  :mh»  ."i..">4 

MARKET  CONDITIONS 

The  Keno  district  does  not  produce  sufficient  alfalfa  hay  to  su|)j)ly 
its  own  needs  and  it  has  been  necessary,  at  least  durintj:  recent  years, 
for  consumers  to  import  some  hay  from  Fallon  and  other  points.  This 
has  led  to  a  marked  difference  in  the  price  of  hay  betwtvn  Ueno  and 
the  localities  that  export  alfalfa  hay.  The  j)ricc  of  alfalfa  at  Reno  is 
usually  .+4  to  $6  a  ton  hijrher  than  at  FaUon. 

At  Fallon,  Lovelock  and  Fernley  more  hay  is  pnMluced  than  is 
reijuired  for  consumption  by  the  live  stock  on  the  farms.  The  excess  is 
marketed  in  two  ways;  (1)  By  brin^inji:  in  cattle,  and  sheep  from  the 
ranjfes  for  winter  feedjno:,  and  (2)  by  grinding  the  hay  into  alfalfa 
meal  for  eastern  markets.  Before  the  advent  of  the  alfalfa  weevil  into 
Nevada  most  of  the  excess  hay  not  recpiired  by  local  stock  or  by  feedei's 
was  baled  and  shipped  to  California  markets.  Since  the  establishment 
of  the  California  cpiarantine  against  baled  hay  from  w(»evil-infected 
areas,  eastern  markets  for  alfalfa  meal  have  been  found,  and  the  price 
farmers  receive  for  their  hay  has  remained  at  a  fairly  satisfactory 
level.  A  stronj?  deumnd  for  the  alfalfa  meal  will  undcnibtedly  eon- 
timie,  because  the  hay  of  which  tlu*  meal  is  made  is  usually  cured 
under  ideal  climatic  conditions  and  meal  of  exceptional  <|uality  is 
therefore  obtained. 

IMPORTANCE  OF  ALFALFA  AS  A  CROP 

Alfalfa  is  the  chief  money  crop  as  well  as  the  nmin  source  of  fora^ce 
for  live  stock  in  the  area  included  in  this  stiuly.  No  records  are  avail- 
able as  to  the  acreage  planted  to  the  various  crops  in  the  Reno  district, 
hut  an  annual  farm  census  has  been  taken  on  the  Newlands  Project 
since  it  was  opened  by  the  Reclamation  Service.  These  reports  show 
that  alfalfa  constitutes  60  per  cent  of  the  total  irrigated  area  and  77 
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per  cent  of  the  area  actually  in  cultivated  crops.  About  17  per  cent 
of  the  total  irrigated  area  is  wild  grass  pasture.  Three-fourths  of  the 
cultivated  land  has  been  kept  in  alfalfa  since  1912.  The  remaining  25 
per  cent  is  utilized  for  grain,  cantaloupes,  gardens  and  minor  crops. 
It  is  practically  a  one-crop  system  of  agriculture. 

A  one-crop  system  is  usually  looked  upon  as  uneconomical  and  sub- 
ject to  wide  fluctuations  in  income,  but  these  investigations  indicate 
that  in  the  Newlands  Project  no  other  crop  approaches  alfalfa  in  imi- 
formity  of  yield,  demand  and  price.  The  average  net  profits  obtained 
by  the  cooperating  farmers  were  greater  for  alfalfa  than  for  any  other 
crop.  When  it  is  once  established  on  good  soil  in  this  project  alfalfa 
remains  highly  productive  for  ten  or  more  years,  and  it  is  not  uncom- 
mon to  see  fields  more  than  20  years  old.  No  long-time  annual  records 
of  yields  are  available,  but  the  general  opinion  seems  to  be  that  the 
yield  slowly  declines  after  the  alfalfa  is  eight  or  ten  years  old. 

In  the  Reno  district  conditions  are  different  from  those  of  the  New- 
lands  Project,  and  alfalfa  must  be  rotated  with  other  crops  at  com- 
paratively frequent  intervals.  If  this  is  not  done,  blue  grass  and 
bronco  grass  {Bromus  tectonim)  invade  the  fields  and  reduce  the  yield 
and  quality  of  the  alfalfa  hay.  The  average  yield  of  alfalfa  is  gen- 
erally smaller  in  the  vicinity  of  Reno  than  in  the  Newlands  Project, 
but  this  is  compensated  by  the  fact  that  the  potato  and  grain  yields 
are  generally  greater.  In  this  section  diversification  of  crops  is  nec- 
essary to  a  profitable  agriculture,  while  in  the  Newlands  Project 
diversification  may  result  in  a  reduction  of  the  net  income. 

EXPLANATION  OF  TEBM8      « 

Costs  are  usually  thought  of  in  terms  of  money,  but  dollars  and 
cents  are  in  reality  a  poor  measure  of  labor  or  materials.  The  dollar 
is  constantly  changing  in  value,  so  that  to  use  it  as  a  measure  of  cost 
is  very  much  like  using  a  yard  stick  that  is  constantly  changing  in 
length  for  the  purpose  of  measuring  the  size  of  objects.  Whenever 
prices  change  either  up  or  down,  the  value  of  the  dollar  has  changed 
to  an  equal  amount  but  in  the  opposite  direction. 

Money  costs  of  producing  farm  products  will  be  used  to  some  extent 
in  the  presentation  of  the  results  of  this  work,  but  it  should  be  kept 
in  mind  that  money  costs  are  of  only  temporary  value,  and  it  is  for  this 
reason  that  all  results  will  either  be  presented  in  physical  quantities  or 
else  the  money  cost,  wherever  possible,  will  be  proportional  to  definite 
physical  units.  By  doing  this,  costs  may  be  recalculated  to  fit  any  other 
combination  of  prices  that  may  obtain  at  any  other  time  or  place. 

Labor  requirements  of  operations  conducted  in  a  similar  manner 
do  not  change  materially  because  of  location  in  place  or  time.  The 
labor  required  in  Nevada  for  many  farm  operations  has  been  found 
to  be  practically  the  same  as  in  a  number  of  other  States  where  investi- 
gations were  conducted  one  or  two  decades  ago.  When  actual  money 
costs  of  these  operations  are  compared  there  is  little  or  no  relationship. 
If  these  results  had  been  presented  at  that  time  in  money  costs  only, 
no  worth-while  comparisons  would  be  possible,  and  those  records  would 
have  no  value  at  the  present  time  except  for  their  historical  interest. 
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AiVhile  the  money  costs  expressed  in  dollars  and  cents  may  change  from 
vear  to  year,  the  physical  requirements  such  as  labor,  seed,  twine,  etc., 
will  hold  until  there  is  some  radical  change  in  the  character  of  the 
rttachinery  used.  For  example,  when  the  combine  harvesters  came  into 
greneral  use  a  radical  change  took  place  in  amounts  of  labor  required. 
SSuch  general  changes  in  equipment  as  this  seldom  occur,  however,  and 
until  they  do  records  of  labor  requirements  show  little  change.  It 
would  be  of  no  value  to  publish  the  money  cost  alone  of  harvesting  and 
stacking  alfalfa  hay,  but  it  is  valuable  to  know  the  average  number  of 
man  and  horse  hours  required  per  acre  to  mow,  rake,  cock  and  stack  the 
hay  with  different  types  of  equipment,  so  that  the  actual  cost  can  be 
calculated  at  any  time  or  place  regardless  of  the  economic  changes 
that  may  have  occurred. 

Man  Labor — Each  cooperator  kept  a  daily  record  of  the  hours  of 
labor  spent  by  each  worker  on  all  the  enterprises  of  the  farm.  All  the 
labor  used  directly  in  the  production  of  alfalfa  was  charged  against  the 
field  work  in  the  alfalfa  ledger.  The  time  spent  on  the  upkeep  of 
ditches  was  apportioned  among  all  the  crops  of  the  farm  according  to 
acreage.  The  time  spent  in  the  care  and  repair  of  machinery  was 
charged  in  the  equipment  account  and  apportioned  among  the  crops, 
not  according  to  acreage,  but  on  the  basis  of  the  number  of  hours  used 
on  each  crop.  General  farm  work  or  overhead  was  apportioned  as 
equitably  as  possible  among  all  the  enterprises  of  the  farm. 

The  work  of  children  was  calculated  to  its  adult  equivalent.  A  boy 
might  be  classed  as  two-thirds  of  a  man  while  cocking  hay,  but  would 
do  a  man^s  work  while  driving  derrick  or  raking. 

In  calculating  costs  a  flat  rate  of  40  cents  per  hour  was  used  for 
all  man  labor,  since  this  is  approximately  the  average  wage  rate  when 
the  cost  of  board  is  included.  In  some  cost  studies  the  actual  wage 
rates  plus  board  (a  figure  which  constantly  changes  from  month  to 
month)  has  been  used,  but  results  from  such  methods  are  of  only  tem- 
porary value.  It  was  thought  best  to  use  a  flat  rate  which  would 
permit  recalculation  for  any  other  wage  rates  that  may  obtain  as 
economic  conditions  change.  All  labor  costs  in  this  bulletin  may  be 
easily  recalculated  for  any  other  labor  rates. 

When  a  constant  labor  rate  is  used  on  all  farms,  comparisons  in 
efficiency  of  operation  may  be  made  between  any  number  of  farms  by 
comparing  money  costs,  but  if  different  labor  rates  are  used,  differ- 
ences in  costs  or  profits  might  be  due,  not  so  much  to  variations  in 
efficiency  as  to  differences  in  the  wages  paid. 

Horse  Labor — The  work  performed  by  horses  is  recorded  by  the 
cooperating  farmers  in  the  same  manner  as  the  man  labor,  and  the 
costs  of  horse  labor  are  distributed  among  the  farm  enterprises  in 
the  same  way. 

The  annual  cost  of  keeping  a  work  horse  is  nearly  constant,  regard- 
less of  the  amount  of  work  performed.  For  this  reason  the  cost  per 
hour  varies  widely  on  individual  farms,  depending  upon  the  number 
of  hours  the  horses  work  per  year.  The  average  cost  per  hour  of 
horse  labor  was  found  to  varj'  between  11  and  13  cents  on  the  cooper- 
ating farms  during  the  three  years  1926,  1927  and  1928,  and  12  cents 
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was  ad()i)te(l  as  tlie  rate  to  use  in  these  cost  studies  for  all  horse  labor 
performed.  The  reasons  for  usinjr  a  Hat  rate  for  horse  lahor  are  tho 
same  as  those  jriven  for  man  labor.  By  using  a  flat  rate  a  man'^ 
eflfieienoy  or  ineflfieieney  in  keeping:  his  horses  is  not  reflected  in  the 
cost  of  producinj?  his  crops  as  is  the  case  when  actual  costs  of  horw 
labor  are  used. 

Equipment  Cosis — The  cost  of  re])airinjj:  and  carinjr  for  all  farni 
eciuipment  is  apportioned  among  the  enterprises  on  which  each  pieiv 
of  equipment  is  used.  Equipment  costs  include  depreciation,  cash 
repairs,  a  share  of  the  taxes,  labor  in  making  repairs  and  cost  of 
shelter  if  any.  Depreciation  is  based  on  the  average  life  of  the 
machiiu»s.  The  sum  of  these  costs  is  apportioned  among  the  crops  on 
which  the  machines  are  used.  The  apportionment  is  made  on  the  basis 
of  the  number  of  hours  each  machine  is  used  on  the  various  enterprises. 

Iniensi  on  Investment — In  all  these  cost  studies  interest  at  6  per 
cent  on  investment  has  been  included.  This  charge  for  interest  is  sc» 
arranged  in  the  table  that  it  may  be  omitted  or  the  rate  may  bt 
changed  at  will  by  simple  proportion.  The  land  on  which  interest  was 
calcidated  was  classified  as  nearly  as  possible  at  uniform  prices  for 
lands  of  ecpial  productive  capacity  in  each  district,  so  as  not  to  obseun' 
the  relative  eflficiency  of  individual  farmers  in  the  actual  protluction  of 
the  crop.  Interest  was  calculated  on  the  value  of  the  land.  e(|uipment 
and  value  of  the  irrigation  structures. 

Overhead  costs  have  been  included  among  the  other  costs  of  pr<»- 
ducing  alfalfa,  although  overhead  is  not  a  direct  cast  in  the  production 
of  alfalfa.  In  many  reports  on  production  costs  this  item  is  omitted 
entirely,  and  for  this  reason  the  significance  of  the  term  should  be 
clearly  understood.  On  every  farm  a  certain  amount  of  labor  and  cash 
costs  are  necessary  to  the  maintenance  of  the  farm  business  but  which 
cannot  be  charged  directly  against  any  of  the  individual  enterprises. 
Such  costs  include  the  care  of  the  farmstead,  cost  of  general  equip 
ment,  building  of  roads  and  bridges  in  the  fields,  water  charges  aod 
taxes  on  farmstead,  wa.ste  land  and  fallow  land,  the  recoi-ding  of 
mortgages,  the  trapping  of  rodents  and  other  general  items  of  this 
class.  At  the  close  of  each  year  these  general' expenses  are  summarized 
and  apportioned  among  all  the  farm  enterprises.  This  charge  against 
alfalfa  is  kept  separate  from  miscellaneous  cost  so  that  it  may  be 
omitted  by  those  who  do  not  look  upon  it  as  an  essential  cost. 

Under  sundries  will  be  found  all  cash  costs  commonly  classed  as 
overhead,  but  not  so  used  in  this  bulletin.  Items  included  under  thi> 
title  are  taxes,  water  charges,  upkeep  of  irrigation  system,  equipment 
and  miscellaneous.  Miscellaneous  charges  are  small,  and  on  many 
farms  there  is  no  cash  outlay  under  this  heading. 

The  average  as  used  in  this  bulletin  is  obtained  by  dividing  the  swn 
of  any  series  of  determinations  by  the  number  of  detei*minations.  For 
example,  the  inimber  of  hours  required  to  mow  an  acre  of  alfalfa  may 
be  found  on  each  of  20  farms.  These  results  are  added  together  and 
divided  by  20,  resulting  in  w^hat  is  called  the  average  time  to  mow 
an  acre  of  alfalfa.  It  gives  equal  weight  to  all  farms  whether  they  an 
large  or  small. 
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The  tveighted  average  is  derived  in  such  a  way  as  to  jrive  weight 
accoirdiiig  to  the  number  of  acres  or  tons  or  other  units.  For  example, 
to  find  the  weighted  average  for  mowing  it  would  be  necessary  to  find 
the  total  number  of  hours  used  in  mowing  on  all  farms  and  divide  by 
the  niimber  of  acres.  By  this  method  one  large  farm  having  a  thousand 
acres  of  alfalfa  would  have  as  much  influence  in  determining  the 
weighted  average  as  20  small  farms  of  50  acres  each. 

Afedmn — Frequently  the  median  is  more  significant  than  either  the 
average  or  weighted  average.  It  is  derived  by  arranging  a  series  of 
i-esults  in  order  of  magnitude  and  selecting  the  middle  number  as 
the  median.  For  example,  the  time  required  to  mow  an  acre  of  land 
on  five  farms  is  found  to  be  .9,  .95,  1.1,  1.25  and  1.4  hours.  The 
median  is  the  middle  number  1.1  hours.  One-half  of  the  remaining 
farms  are  arranged  on  either  side  of  this  number.  The  average  of 
the  above  series  would  be  1.12  hours. 

Middle-class  range  is  determined  by  arranging  the  results  in  the 
order  of  magnitude  and  selecting  the  middle  half.  The  range  then 
extends  from  the  two  extremes  of  this  middle  group.  For  example. 
in  the  following  series  of  nnmbei-s  .85,  .90,  LOO,  1.05,  1.1:2,  l.ir,,  1.20, 
1.30,  the  middle-class  range  extends  from  1.00  to  1.15.  The  uiiddle- 
4'lass  range  is  valuable  in  that  it  gives  an  idea  of  what  may  be  termed 
the  typical  range  or  the  range  in  which  the  middle  half  of  the  farms  lie. 

COST  OF  PBODUCTION  PEE  AOBE  OF  ALFALFA  HAY 

The  total  cost  per  acre  of  producing  alfalfa  hay  varies  somewhat  in 
different  districts  because  of  factors  over  which  the  farmers  have  no 
control.  For  instance,  in  the  Keno  and  Fernley  districts  the  fields  are 
best  irrigated  by  the  furrow  .system,  while  at  Fallon  the  flooding  method 
is  used.  This  latter  method  reduces  the  amount  of  labor  required.  In 
the  Reno  district  land  values  are  high,  which  has  the  effect  of  increas- 
ing the  taxes  and  interest  on  investment.  Other  differences  in  costs  are 
not  large  or  significant.  In  Table  II  the  average  cost  of  production  for 
«»ach  of  the  three  districts  is  shown.    (See  page  14.) 

The  average  total  cost  of  production  was  $28.70  per  acre  or  $6.90 
per  ton  at  Fallon;  $86.42  per  acre  or  $7.87  per  ton  at  Feridey,  and 
$36.76  per  acre  or  $11.78  per  ton  at  Reno. 

The  relationship  of  the  items  that  enter  into  the  total  cost  of  produc- 
tion is  best  shown  in  the  form  of  graphs.  In  Chart  I  is  shown  the  cost 
per  acre  of  producing  alfalfa  in  each  of  the  three  areas.  These  graphs 
show  that  the  cost  of  man  labor  is  highest  in  Fernley.  The  detailed 
records  of  labor  indicate  that  this  high  man-labor  cost  at  Fernley  is 
due  to  furrowing  and  extra  labor  spent  in  irrigating,  especially  pre- 
vious to  the  first  crop.  The  actual  cost  per  acre  of  producing  alfalfa 
hay  is  not  much  higher  at  Reno  than  at  Fallon,  when  interest  on  invest- 
ment is  not  included,  but  it  should  be  kept  in  mind  that  about  two  and 
one-quarter  cuttings  are  made  per  year  at  Reno  while  at  Fallon  and 
Fernley  three  cuttings  are  almost  always  made.  If  three  cuttings 
were  made  at  R^no  the  labor  cost  would  be  nearly  the  same  as  at 
Fernley.  The  higher  valuation  of  lands  in  the  vicinity  ot  Reno  mate- 
rially increases  the  charge  for  interest  on  investment.    (See  page  15.) 
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TABLE  n-<?OST  OF  PBODUCING  ALFAI.FA  HAT  FEB  ACBE 


Fallon 


Fernley        Reco 


Man  labor  @  40C  per  hour— 

Fi«ld  work 

Irriflration  system 

Equipment 

Overhead 

Totals 

Horse  labor  (&  IZf  per  hour- 
Field  work 

Irrigation  system 

Equipment 

Overhead I 

Totals - 

Interest  @  6'}:— 

Land  in  crop 

Irrigation  system  and  equipment 

Overhead 

Totals 

Sundries- 
Taxes 

Water  charges 

Irrimtion  system  and  equipment 

Miscellaneous 

Overhead 

Totals < 

Grand  totals 

Pasture  credit* 

Net  cost  per  acre 

Yield  per  acre,  tons 

Cost  per  ton 

I 

"Pasture  rate— $3  per  nK>nth  per  head  durinar  spring,  summer  and 


W.78 
.79 
.45 
.25 

$13.77 
1-28 

:3li 

$16^ 

2 

$11.27 

$15.81  ' 

sue 

$3.84 
.28 
.04 
OS 

$3.71 
.08* 
.01 
.03  1 

$3.69 

$3.8$; 

1 

n.M 

$8.92 
.61 
.29 

$8.61  ! 
.81 
.49 

MB 

.71 

$9.82 

$9.91 

IW.S 

$1.49 

1.61 

1.77 

.26 

1.25 

$2.17 

1.80  1 

2.01 

.58 

1.79 

$2  88 

2.33 

.J5 

$6.87 

$8.36 

».» 

$31.15 

$37.90 

110.32 

$2.45 

$1.48 

est 

$28.70 

$36.42 

t».^ 

4.16 

4.63 

J.K 

$6.90 

$7.87! 

HI.:? 

fall:  75<*  per  month  dorin«  «io*«' 
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I.   COST  OJ*  PRODUCING  ALfJLLfJL  Bkl 
Per  Acrt 


Interest 
Sundries 
Taxes  and  vater  costs 

Horse  labor 
Man  labor 


Key 


Cost    Per  Ton 


a/2. 


/O.. 


a — 

6 

y 

2 1[ 

O 


Fallon  Fernley  Reno 


Interest 

Sundries 

Taxes  and  ureter  costs 

Horse  labor 

Man  labor 


Key 
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EFFECT  OF  YIELD  ON  COST  OF  PBODUCTIOK 

Tn  Table  II  the  averap:e  cost  per  acre  was  given  without  taking  int. 
consideration  the  yield  per  acre.  When  the  farms  are  grouped  accord 
ing  to  yield  per  acre  some  very  interesting  results  are  obtained,  for  ii 
shows  the  extent  to  which  the  cost  per  ton  is  reduced  as  the  yield  per 
acre  increases.  When  the  total  cost  of  producing  alfalfa  Is  aveni^ 
according  to  yield  per  acre,  the  cost  per  acre  and  per  ton  for  FalloiL 
Ferulev  and  Reno  are  as  shown  in  Table  TIT  and  Chart  IT. 


TABLE   m— RELATION    OF    TOTAL    COST    OF    PEODUCINO   ALFALFA 
HAY  TO  YIELD  PEE  ACBE 

Yield  per  acre,  tons 

Total  cost  ^„  

2  3                 1                ■> 

—                -                         -                       ^     I  '    -  " 
FaUon— 

Peracre $29.82,  S31.10         $32.28        «3.42        »^ 

Perton 14.91  10.37            8.07           6.58          > 

Fernley—                                                                                            ,  1 

Peracre 34.32  35.60          36.78         S7.92         &- 

Perton - 17.16  11.87            9.20'         7.58          «- 

I 

Reno —  . 

Peracre  --- 39.29  40.49           41.66          42.80         W.a- 

Perton 19.66  i  13.60           10.41           8.S6          '-^ 

„                                                                                        I  _            _ 

Note — Pasture  value  not  credited  in  this  table. 


*20_ 

Gieno 

1 

15- 

u  10 

Fernley 
Fallon 

A 

\ 

1 

- ' 

^ 

s^ 

o    5. 

1 

^::: 

0 

1 

2 

3 

4 

1 

5 

1 
6    ^ 

Tons  per 

Acre 

It  is  very  evident  that  it  pays  in  more  ways  than  one  to  get  gj>* 
yields,  for  not  only  are  there  more  tons  for  sale  or  for  the  use  of  li^|' 
stock,  but  the  actual  cost  of  producing  each  ton  decreases  as  the  y^^] 
increases.  For  instance,  at  Fallon  with  a  yield  of  3.5  tons  per  acre  i 
costs  $9.10  per  ton  to  produce  the  crop,  but  when  the  yield  is  5  tonsF^ 
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acre  the  eost  is  reduced  to  $6.68  per  ton.  This  is  because  certain  costs 
per  acre  such  as  taxes,  water  charges,  irrip:ation  costs,  interest  on 
investment,  overhead,  and  much  of  the  field  labor  are  not  materially 
affected  by  the  yield.  About  the  only  costs  that  do  increase  with  the 
yield  are  bunching,  cocking  and  stacking. 

On  most  farms  the  yield  per  acre  depends  to  so  great  an  extent  upon 
the  character  and  fertility  of  the  soil  and  the  abundance  of  the  irriga- 
tion water  that  the  owner  of  the  land  often  cannot  increase  his  yields 
by  any  practicable  means.  However,  the  results  given  above  indicate 
that  a  farmer  would  be  justified  in  going  to  considerable  expense  when 
he  is  certain  that  by  doing  so  his  yield  per  acre  can  be  materially 
increased. 

There  is  no  direct  answer  to  the  question  "what  does  it  cost  per 
ton  to  produce  alfalfa  hay?"  for  the  reason  that  cost  per  ton  is  more 
dependent  on  yield  than  on  any  other  one  factor.  In  Table  II  the 
average  cost  of  producing  alfalfa  hay  by  the  farmers  who  cooperated 
in  this  work  was  shown  to  be  $6.90  per  ton  at  Fallon  and  $7.87  per  ton 
at  Pernley.  According  to  the  annual  census  taken  by  the  Reclama- 
tion Service  the  average  yield  of  the  project  as  a  whole  is  about  3.5 
tons  per  acre  annually.  Now,  a  yield  of  8.5  tons  per  acre  would  cost 
something  over  $9  per  ton.  This  relatively  high  cost  per  ton  on  the 
Newlands  Project  results  from  the  fact  that  many  acres  of  low- 
producing  marginal  lands  are  included  in  the  census.  The  better  class 
lands  of  the  project  produce  fnmi  4  to  6  tons  of  alfalfa  per  acre 
annually,  and  on  these  the  cost  of  production  per  ton  varies  between 
the  limits  $6  and  $9  per  ton  according  to  yield  and  location.  The  aver- 
age yield  on  our  cooperating  farms  near  Fallon  was  4.16  tons  per 
acre,  which  was  produced  at  a  cost  of  $6.90  per  ton. 

EFFECT  OF  SEASON  ON  YIELD  AND  COST 

The  yield  of  alfalfa  and  other  crops  varies  from  year  to  year  as  a 
result  of  natural  conditions  over  which  farmers  have  little  or  no  con- 
trol. In  1927  the  first  crop  of  alfalfa  at  Fallon  and  PVridey  was 
attacked  by  alfalfa  aphis  which  reduced  the  yield  below  that  of  either 
1926  or  1928.  During  the  three  years  1926,  1927  and  1928  complete 
records  for  each  year  were  obtained  from  nine  farms  at  Fallon  and 
Femley  and  from  four  farms  at  Reno,  and  by  taking  the  results  from 
these  farms  it  is  possible  to  get  a  measure  of  the  effect  of  season  on 
yield  and  cost. 

At  Fallon  and  Fernley  the  yield  was  lower  in  1927  than  in  either 
1926  or  1928,  and  this  low  yield  is  reflected  in  the  average  cost  per 
acre  and  per  ton  as  follows : 

JUiG  vm  /.V3S 

Avera^re  yield  per  acrt'  in  tons 5.;{0  .*>.!M)  4.70 

Averaixe  cost  yer  acre $.'{1.77  $117.72  ,'^:{0.'iS 

Averajce  cost  per  ton <UM>  7.10  r».47 

At  Reno  the  alfalfa  aphis  was  not  present  in  1927  in  sufRcient 
numbers  to  materially  affect  the  yield,  but  the  yield  of  alfalfa  near 
Reno  was  reduced  in  1926  by  a  shortage  of  the  supply  of  irrigation 
water.    The  following  table  shows  that  the  cost  of  production  per  ton 
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had  an  inverse  relationship  to  the  yield  per  acre,  that  is,  as  the  yield 
per  acre  increased  the  cost  of  producing  a  ton  of  hay  was  reduced : 

1926  1927  1928 

Average  yield  per  acre  In  tons 2.75  3.22  3,^ 

Average  cost  per  acre $82.60  $35.98  $37.05 

Average  cost  per  ton 11.85  11.18  ll.OS 

COST  OF  SEOUBINa  A  NEW  STAND  OF  ALFALFA 

One  of  the  important  costs  in  connection  with  alfalfa  raising  is  the 
cost  of  securing  a  new  stand  of  alfalfa  when  the  old  one  has  ran  out 
to  the  point  where  profitable  yields  are  no  longer  secured.  It  is  a 
common  practice  to  plant  some  kind  of  grain  as  a  nurse  crop  with  the 
alfalfa,  although  sometimes  alfalfa  is  planted  alone  and  successful 
stands  secured.  When  grain  is  planted  the  income  from  the  grain 
helps  to  pay  the  cost  of  the  new  seeding.  Indeed,  in  some  cases  the 
yield  of  the  grain  is  large  enough  to  more  than  pay  all  costs  of  the  new 
seeding,  and  the  new  stand  of  alfalfa  has  actually  cost  nothing.  There 
is  no  question  but  that  plowing  up  poor  stands  of  alfalfa  is  profitable 
in  those  localities  where  the  income  from  the  nurse  crop  pays  for  the 
new  seeding.  However,  if  it  is  diflicult  to  secure  a  new  stand  and  there 
is  but  little  prospect  of  enough  by-product  to  balance  the  costs,  then  the 
farm  owner  should  carefully  balance  the  cost  of  this  new  seeding 
against  the  increased  yields  which  he  can  expect  to  gain  from  it  in 
order  to  decide  which  is  the  more  profitable  course.  Occasionally  other 
crops  than  grain,  such  as  Sudan  grass,  are  planted  as  a  nurse  crop, 
and  the  resulting  crop  used  for  hay  instead  of  grain.  When  the  nurse 
crop  does  not  pay  for  the  cost  of  securing  a  new  stand  of  alfalfa  then 
this  cost  must  be  borne  by  the  succeeding  crops  of  alfalfa  up  to  the 
time  when  it  is  again  plowed  up  and  reseeded.  In  some  places  high- 
yielding  stands  twenty  to  thirty  years  old  are  common,  but  in  other  dfe- 
tricts  a  stand  of  alfalfa  may  be  counted  upon  to  give  profitable  yields 
for  a  period  of  only  four  or  five  years. 

In  the  following  table,  costs  are  given  of  securing  stands  of  alfalfa 
at  Fallon  and  Reno : 

TABLE  IV--OOST  OF  SEOUBING  NEW  STANDS  OF  ALFALFA 

AND  NUB8E  CROPS  ^ 

Fallon     '     Reuo 

ToUl  man  hours  (ft  40c? I         <13.99  f  12 ^ 

Total  horse  hours  rri'  I2C ,  7.73  5.« 

ToUlinterwt  ®  e'^ij : 9.23  17.W 

Water  charges  and  taxes ,  2.73  4.78 

Equipment  cost  and  irrigation  system )  1.87  SJ* 

Overhead  „ 1.48  l.» 

Sundries 1  .19  -W 

Alfalfaseed 3.88  *.!« 

Grain  seed,  threshing  cost,  twine,  bindingr  cost,  etc '  4.16  '  6.^* 

Totalcost j         146.26  S55  85 

Totalcredita 21.9S  «.96 

Netcost i  23.31  i  12.» 


When  the  interest  charge  is  subtracted  from  the  total  cost  of  pro- 
ducing a  stand  of  alfalfa  and  nurse  crop  at  Fallon  and  Reuo,  it  is 
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found  that  the  resulting  cost  per  acre  is  almost  identical  ill  the  two 
localities,  viz,  $36.03  at  Fallon  and  $36.75  at  Reno.  With  the  labor 
rates  used,  the  cost  of  securing  a  new  stand  of  alfalfa  together  with 
the  nurse  crop  is  approximately  $36  per  acre  when  no  charge  is  made 
for  interest. 

From  this  cost  should  be  subtracted  the  value  of  the  grain,  hay  and 
pasture  secured  the  first  year.  At  Fallon  these  credits  averaged  $21.95 
per  acre,  while  at  Reno  the  credits  were  $40.95  per  acre.  The  costs  are 
not  widely  variable  between  individual  farms,  but  the  credits  are 
extremely  variable.  This  results  in  a  widely  varying  net  cost  on 
individual  farms. 

Not  only  is  the  net  cost  of  securing  a  new  stand  extremely  variable, 
but  the  length  of  time  the  fields  are  left  in  alfalfa  also  varies  widely,  so 
that  it  is  difficult  to  establish  a  uniform  charge  for  the  securing  of 
stands.  According  to  Table  IV  the  net  cost  is  $23.31  at  Fallon  and 
$12.91  per  acre  at  Reno.  If  the  average  life  of  an  alfalfa  field  is 
assumed  to  be  10  years  at  Fallon  and  5  years  at  Reno,  the  average 
annual  charge  per  acre  would  be :  Fallon  $2.23,  and  Reno  $2.58.  For 
rough  approximations  an  annual  charge  of  $2  per  acre  might  be  added 
to  aJl  cost  of  production  charges  given  elsewhere  in  this  bulletin.  This 
"cost  of  seeding"  charge  has  not  been  added  to  the  costs  given  in  the 
tables  and  charts  because  it  is  so  variable  that  it  should  always  be 
applied  to  fit  the  peculiar  conditions  of  individual  farms  or  localities. 

COST  OF  ALFAIJPA  EQUIPMENT 

Included  among  the  sundry  expenses  for  producing  alffdfa  is  the 
item  of  equipment  expense.  This  includes  all  the  equipment  used  in 
the  production  of  alfalfa  hay,  chiefly  mowers,  rakes,  wagons  and  der- 
ricks. Certain  other  machines  are  used  in  a  minor  way  for  such  opera- 
tions as  furrowing,  hauling  manure,  and  cultivating.  It  is  found  that 
large  farms  have  less  invested  per  acre  in  equipment  than  small 
farms.  Fields  under  30  acres  can  be  harvested  with  machinery  con- 
sisting of  one  mower,  one  rake,  two  wagons  and  a  derrick.  By  adding 
an  extra  mower  and  wagon,  double  the  area  can  be  handled.  That  is, 
the  expense  for  machinery  does  not  increase  in  proportion  to  the 
area  farmed. 

The  average  cost  for  operating  wagons,  mowers,  rakes  and  derricks 
is  given  in  Table  V,  which  shows  the  effect  of  the  amount  of  work 
done  on  the  cost  of  operating  the  various  machines.  Wagons  are 
reported  on  the  basis  of  annual  costs,  since  they  are  used  for  many 
other  purposes  than  putting  up  alfalifa  hay.  Mowers  and  rakes  are 
reported  on  the  basis  of  the  number  of  acres  actually  harvested  each 
year,  since  the  tonnage  does  not  materially  affect  the  cost  of  operating 
either.  The  cost  of  operating  derricks  varies  in  proportion  to  the 
number  of  tons  of  hay  stacked  rather  than  in  proportion  to  the  area. 
When  the  yield  per  acre  is  known,  the  cost  per  ton  for  each  machine 
can  be  calculated  from  the  table.  The  cost  per  acre  or  per  ton  becomes 
less  as  the  amount  of  work  done  is  increased.  It  can  be  seen  that 
farms  with  a  small  area  per  machine  have  a  larger  cost  than  farms. 
with  a  larger  area  per  machine. 
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TABLE  V— EFFECT  OF  WORK  J>OKE  ON  THE  COST  OF  OPERATING 
ALFALFA  MACHINEBT 


Area  In 

alfalfa 

per  wagou 


Acres 
10 
20 
30 
40 
50 


Weifirhted 
averaere 


Cost  per 

acre 
per  year 


Cents 
93 


47 
37 
30 
26 


52i 


•Area  mowed 

Cost 

per  acre 

or  raked 





per  machine 

during  year 
Acres 

Mowers 
Cents 

Kakes 

Cents 

30 

61 

28 

40 

48 

18 

50 

37 

14 

60 

33 

12 

70 

30 

11 

80 

28 

10 

90 

27 

10 

100 

26 

10 

126 

26 

10 

Weighted 

averasre 



29J 

,            lOi 

Derricks 


Hay  stacked  I    qo^ij^, 
per  derrick       ^^**' 
per  year 


Tons 

50 

75 
100 
126 
160 
175 
200 
225 
25D 
WeiflThted 
average 


Cent9 
29 
21 
17 
14 
IS 
12 
11 
10 
9 

131 


^Twenty  acres  harvested  three  times  makes  60  acres  covered  during  year,  or  20  acres  mowed 
twice  makes  40  acres  during  year. 

CALCULATING  COST  OF  MACHINERY 

The  cost  i)er  acre  for  harvesting  equipment  can  be  calculated  from 
Table  V.  For  example,  let  it  be  assumed  that  30  acres  of  alfalfa  hay 
are  cut  three  times  and  the  yield  per  acre  is  four  tons.  What  is  the 
cost  for  machinery'  ? 

If  one  waj?on  is  used  the  cost  will  be  30  acres  at  47c,  or  $14.10.  If 
three  waj^ons  are  used  the  cost  will  be  3  times  10  acres  at  93e,  or  ^21.90. 

If  one  mower  is  used  90  acres  will  be  mowed  and  the  cost  will  be  90 
acres  at  27c,  or  $24.30.  If  two  mowers  are  used  45  acres  will  be  mowed 
per  mower  and  the  cast  will  be  2  times  45  acres  at  40c,  or  $36.00. 

The  cost  for  the  rake  will  be  90  acres  at  10c,  or  $9. 

The  cost  for  the  derrick  will  be  120  tons  at  15c  or  $18. 


1  Wagron  and 
I  Mower 

Wajjoii  cost $14.10 

Mower  co.st 24.;i0 

Uako  cost 0.00 

Derrick  cost 18.00 

Total  cost 5};(k5.40 

Cost  per  acre 2.1S 

Cost  per  ton 55 


SWagow 
2  Movers 

18.0() 

.7r, 


This  example  indicates  that  the  use  of  tw^o  extra  wagons  and  an  extra 
mower  would  increase  the  cost  for  machinery  21  cents  per  ton,  but  this 
would  be  ccmipensated  at  least  in  part  by  the  saving  in  labor  residtinjr 
from  the  extra  equipment. 

DISTEIBUTION  OF  LABOR  THROUGHOUT  THE  YBAE 

Most  of  the  work  of  alfalfa  production  falls  within  a  short  space  of 
time.  The  intercrop  work  can  be  performed  through  fairly  wide 
intervals  of  time  and  does  not  need  to  be  concentrated  within  a  short 
period,  but  in  harvesting  alfalfa  there  is  very  little  choice  as  to  the 
l>est  time  to  mow,  for  when  harvesting  is  once  begun,  raking  and  stack- 
ing must  be  performed  in  regular  sequence  without  undue  loss  of  tim^ 
or  the  quality  of  the  hay  will  be  damaged. 

How  the  work  *' piles  up''  during  the  three  harvesting  periods  is 
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indicated  jrraphically  on  Chart  HI.  The  upper  part  of  Chart  III 
represents  the  distribution  of  labor  performed  on  a  58-acre  field  of 
alfalfa,  and  the  lower  part  represents  the  distribution  on  a  20-aere 
field.  It  can  be  seen  that  the  labor  of  puttinj?  up  the  first  and  second 
crops  is  perform e<l  as  (piickly  on  the  larg^e  farms  as  on  the  small  one. 
Extra  hours  of  labor  recpiired  on  the  larjj:e  farm  cannot  be  stretched 
out  over  a  longer  period  of  time,  but  must  be  provided  during  the  10 
or  15  days  when  the  hay  is  at  its  best.  In  the  ease  of  the  third  cut- 
ting, cooler  weather  prevails  and  the  time  of  putting  it  up  is  extended 
over  a  longer  period. 


III.   DISTRIBUTIOli  09  UAB  LIBOR 


Jan       Feb       Iter       Apr       May       Jun       Jul       Aug       Sep       Oct       Nov       Dec 


Alfalfa  SO  Aores 


100 


EFFECT  OF  ALFALFA  AREA  ON  AMOUNT  OF  LABOR 
TO  BE  PROVIDED 

Since  the  work  of  harvesting  alfalfa  must  be  done  <|uickly,  the 
proprietor  is  unable  to  do  all  of  tlie  work  alone.  p]ven  with  very  small 
areas  it  is  economical  to  seeure  help,  beeause  some  (»f  the  operations 
cannot  be  <lone  to  advantage  by  one  man. 

In  Chart  W  is  shown  the  eff(*ct  of  the  total  area  in  alfalfa  on  tin* 
total  hours  of  man  labor  retpiired.  The  dotted  lines  also  indicate 
approximately  the  amoinit  of  labor  supplied  by  the  proprietor  and  the 
amount  of  labor  other  than  his  own  that  the  proprietor  must  supi)ly. 
The  labor  "other  than  proprietor's"  may  be  that  of  his  own  family  in 
whole  or  in  part.  A  curve  showing  the  amount  of  labor  supply  by  the 
proprietor's  family  would  be  useless  beeause  of  the  variability  in  the 
size  of  families. 

The  solid  line  in  Chart  IV  shows  the  average  number  oi  hours  of 
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man  labor  required  for  the  production  of  alfalfa  hay  in  the  Fallon- 
Femley-Reno  region  for  alfalfa  areas  of  varying  sizes.  The  average 
labor  required  per  acre  is  26  hours.  The  labor  of  the  proprietor 
increased  slowly  as  the  total  area  increased  up  to  70  or  80  acres  and 
then  declined.  It  appears  that  as  the  total  area  increased  above  80 
acres  in  alfalfa,  the  proprietor  begins  to  spend  less  of  his  own  time 
in  the  actual  labor  of  harvesting  the  crops  and  substitutes  the  labor 
of  others.  On  some  of  the  larger  farms  the  proprietors  have  spent 
more  time  in  the  management  of.  the  hay  crews,  but  time  used  in  man- 
agement has  not  been  charged  in  this  study  as  labor.  Presumably 
for  very  large  areas  (not  represented  in  this  study),  the  proprietor 
would  not  spend  any  of  his  own  time  in  actual  field  operations  and  all 
the  work  would  be  performed  by  other  laborers. 

In  this  chart  the  curve  for  total  labor  required  is  a  reasonably  dose 
fit  to  the  averages  for  the  groups,  but  the  curve  representing  the 
amount  of  labor  of  proprietor  is  approximate  only,  especially  beyond 
the  60-acre  point.  Beyond  this  the  individuality  of  the  different  pro- 
prietors shows  up  more  strongly,  some  still  working  as  hay  hands 
while  others  turn  over  a  larger  part  of  the  field  work  to  hired  help. 


Hours 


1600 


120C 


IV.   TOTAL  H0UH3  0J>  UAH  LABOR  RSQUIBSD 
TN  THE 
PRODUCTION  02*  AlJ>ALi>A  HAY 


:  —y'-: 


:*'  Labor  S^-^ '^  ; 


10         2C         30         40         50         60         70         80         90       100       HC 
Acres  in  crop 


INTBBOBOP  WOBK 

By  intercrop  work  is  meant  all  work  (except  irrigating)  performed 
on  the  alfalfa  fields  outside  of  the  actual  harvesting  of  the  crop.  It 
includes  such  items  as  upkeep  of  the  irrigation  system,  upkeep  of  hay 
equipment,  hauling  manure,  furrowing,  etc.  This  work  varies  widely 
in  amount  on  different  farms  because  much  depends  upon  the  indi- 
vidual requirements  of  the  field  and  upon  the  distinctive  methods 
adopted  by  different  farmers.  Yield  per  acre  does  not  materially 
affect  these  labor  requirements.  The  average  time  spent  in  intercrop 
work  is  shown  in  Table  VI. 
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TABLE  VI— AVEBAGE  HOUBS  OF  MAN  AND  HOBSE  LABOB 
BEQUIBED  PEE  AOBE  FOB  INTEBCBOP  WOBK 


Man  hours 


Home  hours 


Furrowins  and  other  field  work 

Upkeep  of  equipinent 

Fallon 

...       1.2 
...     '1.1 

Fernley 

2.5 
1.1 
8.2 

.8 

Reno 

2.8 
1.4 
2.7 

.8 

Fallon 

2.4 
.3 

.7 
.3 

Fernley 

4.3 

.1 
1.1 

.'A 

Reno 

4.9 
.2 

U pkeep  of  irrigation  system    

..   .      2.0 
.6 

9 

Overhead 

.4 

TotaU 

...j       4.9 

7.6 

7.7 

3.7 

6.8 

6.4 

IBBIGATIKa  AI.FALFA 

The  time  required  per  acre  to  irrigate  alfalfa  depends  upon  the 
type  of  irrigation  practiced,  upon  the  head  of  water  used,  and  the 
porosity  of  the  soil.  At  Fallon  where  all  alfalfa  is  irrigated  by  flooding 
about  40  per  cent  less  time  is  required  per  acre  than  in  the  Femley- 
Reno  districts  where  furrow  irrigation  is  used. 

During  the  three  years  1926,  1927  and  1928  the  water  supply  was 
scant  in  the  Fernley  and  Reno  districts,  and  this  may  have  had  the 
effect  of  increasing  the  time  required  to  irrigate.  When  the  water 
supply  is  plentiful  the  land  can  be  irrigated  in  less  time  than  when 
the  irrigation  heads  are  small.  The  difference  in  the  time  required  to 
irrigate  by  the  flooding  method  and  by  the  furrow  method  may,  there- 
fore, be  due  not  so  much  to  the  system  used  as  to  the  fact  that  there 
was  a  plentiful  supply  of  water  where  the  flooding  system  was  used 
and  a  scant  supply  in  the  furrow  irrigated  districts.  Yield  per  acre 
does  not  materially  affect  the  time  required  to  irrigate. 

In  the  following  table  is  shown  the  average  time  and  the  middle- 
class  range  required  to  irrigate  for  each  cutting.  In  this  middle-class 
range  is  included  the  time  used  by  one-half  of  the  farmers  reporting 
closest  to  the  median  time.  By  this  means  the  extremes,  which  are  not 
typicals,  are  omitted.  In  securing  the  average,  however,  all  the 
reports  are  used. 

TABLE  Vn— TIME  BEQUIBED  TO  IBBIGATE  ALFALFA 


I.r)rality 


FaHon 


Fernley- Reno 


Cutting 
se  cutting 

Average 
hourH      , 

1.7 

- 14 

1.3 

Median 
hours 

1.6 
1.3 
1.2 

Middle-clasB 
range  hour» 

First 

Second.... 
Third 

1 

1.2-2.2 
.8-1.9 
.7-1.6 

Totals  thn 

4.4 

4.1 

3.8 
1.5 
1.4 

, 

First 

3.8 

2.6-4.3 

Second.... 
Third 

^cuttiners 

1.8 

1.7 

.8-2.1 
.9-2.6 

ToUls  thn 

7.3 

6.7 

t 

MOWING 

The  time  required  to  mow  alfalfa  was  determined  from  the  records 
of  198  fields,  representing  6,943  acres.  The  average  time  required  to 
mow  an  acre  was  1.24  hours  (74  minutes).  The  middle-class  range  was 
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from  1  to  1.3  hours  (60  to  78  miuutes).  The  standard  time  for  mowing 
may  be  taken  at  1.2  hours.  The  horse  labor  in  mowing:  is  just  double 
the  man  labor.  There  was  no  material  diiferenee  in  the  time  require*! 
to  mow  the  first,  second  and  third  cuttings,  nor  is  there  any  material 


Field  of  Alfalfa  Hay  in  Cock  on  a  Farm  Near  Fallon. 


Usual  Method  of  Stacking  Hay  in  Western  Nevada,  Showing  Common 
Type  of  Derrick  Used. 

<litr(»rence  when   the  avc^rajre  of  one  year  is  compared  with  that  of 
another. 

BAKING  AND  BUNCHING 

The  labor  reciuirenient  for  rakinjr  and  bunchinjr  alfalfa  hay  was 
determined  from  170  separate  rakinjrs  of  individual  fields,  representiiitr 
a  total  of  5,842  acres.  Some  of  the  farmers  rake  their  fields  without 
bunching  the  hay  in  the  windrows,  so  it  was  neeesstiry  to  .separate  the 
time  for  rakinjr  alone  from  the  time  re(|uired  for  rakinj?  and  bunehinsr. 
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For  rakiiijr  alone  the  median  time  re(|uire<l  was  .06  hours  (*U  min- 
utes), with  a  middle-class  ran«re  between  .49  and  .66  hours  (29  to  40 
minutes) . 

For  raking:  and  bunching:  the  median  time  re<iuired  was  1  hour,  with 
a  middle-class  ranj^re  between  .SS  and  1.12  hours  (5;]  to  67  minutes). 
The  time  required  to  rake,  bunch  and  rerake  is  exceedintrly  variable 
as  no  very  imiform  practice  exists.  The  time  required  to  bunch  is 
of  course  affected  by  the  yield. 

There  was  no  material  difference  in  the  time  required  to  rake  without 
bunching  the  first,  second  and  third  cutting:s,  but  when  the  hay  is  raked 
and  bunched  less  time  is  required  for  a  lijrht  third  crop  than  for 
either  the  first  or  second  cutting:s. 

COCKINa  ALFALFA 

Cocking:  is  performed  by  hand,  either  from  the  wiiulrow  without 
bunching:  or  the  rough  bunches  made  by  the  rake  are  rounded  up  by 
hand.  Some  farmers  do  not  cock  the  hay  at  all,  but  pitch  from  the 
windrow  or  rough  bunches  directly  onto  the  wagons.  When  the  hay 
is  pitched  by  hand  without  cocking,  the  time  of  both  men  and  teams 
in  loading  is  somewhat  increased,  although  the  time  reipiired  to  cock 
the  hay  has  been  eliminated.  When  the  hay  is  cocked  soon  after  raking 
there  is  some  improvement  in  quality,  as  less  scattered  hay  is  exposed 
directly  to  the  action  of  the  sun  and  wind. 

The  time  required  to  cock  hay  varies  with  the  yield  per  acre,  as 
shown  by  Table  VI 11  and  by  Chart  V. 

TABLE  Vni— EFFECT  OF  YIELD  PER  ACRE  ON  TIME   REQUIRED   TO 
COOK  FROM  THE  WINDROW  AND  FROM  BUNCHED   HAY 


Yield 

per 



Hours 

per  acre 

acre,  tons 

From 

windrow 

From  bunches 

1 

.7 

3 

1.4 

.9 

1 

1.7 

1.0 

u 

1.7 

1.0 

n 

1.9 

l.;i 

u 

2.0 

1.3 

2 

2.3 

24 

2.3 

1.4 

2i 

2.0 

V     COCKIIIG  ALiTALFA 
Relation  of  Yield  to  K:an  labor 


Hours   per  Ton 


1  2 

Tons  per  aero 


Hour* 
-  2.5 


1  2 

Tent;   per  acre 
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STAOKINO 

Stacking  hay  is  an  operation  that  is  materially  influenced  by  yield, 
so  that  a  statement  of  the  average  time  required  per  acre  has  little 
significance  unless  the  yield  per  acre  is  also  given.  By  grouping  all 
fields  according  to  yield  it  has  been  possible  to  determine  quite  accu- 
rately the  effect  of  yield  on  labor  required  per  acre  and  per  ton,  as 
shown  in  Table  IX  and  in  Chart  VI. 

TABLE  IX— EFFECT  OF  YIELD  PER  AOBE  OF  ALFALFA  HAY  ON  THB 
LABOR  USED  IN  STAOKIKQ  (ONCE  OVER) 


Yield  per  acre,  tons 


I 

li 
U 
If 
2 

I 


Labor  per  acre 

Labor  per  ton 

Man  hours              Horse  hours 

Man  hours              Hor»e  hours 

2.8 

3.2 

5.6 

6.4 

3.0 

3.5 

4.0 

4.7 

3.4 

4.0 

3.4 

4.0 

3.9 

4.4 

3.1 

3.5 

4.2 

4.6 

2.8 

3.1 

4.4 

4.8 

2.5 

2.9 

5.0 

5.5 

2.5 

2.6 

5.8 

6.1 

2.6 

2.7 

6.4 

6.7 

2.6 

2.7 

6.9 

6.4 

2.6 

2.8 

VI.    STAOKINO  AIiFALFA— BEIiATION  OF  TIEIJ>  TO  MAN  LABOB 


1.0  2.0 

Tons  per  Acre 


The  time  required  per  acre  to  stack  each  of  the  three  cuttings  is 
shown  in  Table  X.  In  this  table  the  average  time  and  the  middle-class 
range  are  shown.  The  difference  in  time  per  acre  required  to  stack  the 
first  and  second  cuttings  is  very  small,  but  the  time  required  to  stack 
the  third  cutting  is  reduced  about  30  per  cent  as  a  result  of  the  lower 
yield  of  the  third  cutting. 
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TABLE  Z— TIME  BEQUIBEB  PEB  AOBE  TO  STACK  THE  FIRST, 
SEOONB  AND  THIRD  CUTTINGS  OF  ALFALFA 


CuttinR 


Man  labor. 


Horae  labor. 


Averaire  I  Middle-cla»8 
hours      j  range  hours 


Firat 4.8 

S«cond  .  I  4.6 

Third 3.0 

FirH I  6.6 

Second '  6.1 

Third 8.7 


3.9-6.7 
8.5-6.3 
2.6-8.6 

4.2-6.0 
3.6-6.0 
2.9-4.6 


STANDARD  LABOR  REQUIREMENTS 

It  is  often  useful  for  a  man  or  a  company  to  be  able  to  measure 
the  eflSeiency  of  their  work  by  some  convenient  standard.  The  output 
per  worker  is  constantly  checked  by  most  of  the  larger  manufacturing 
firms,  and  steps  are  taken  to  keep  the  efficiency  of  the  men  up  to  certain 
standards.  The  same  holds  true  in  many  other  lines  of  industry.  In 
some  of  the  States  standard  labor  requirements  for  farm  operations 
are  being  worked  out,  and  it  is  now  becoming  possible  for  farmers  to 
me^ure  their  own  accomplishments  by  the  standard  of  the  average 
man. 

In  Table  XI  is  given  standard  labor  requirements  for  men  and 
horses  for  the  more  important  operations  used  in  the  production  of 
alfalfa.  If  a  farmer  can  perform  any  given  operation  in  less  than  the 
standard  time  he  is  performing  his  work  a  little  more  efficiently  than 
the  average,  at  least  in  so  far  as  the  time  used  is  concerned.  The 
middle-class  range  is  also  given  in  this  table.  It  indicates  the  range 
in  time  required  to  perform  any  operation  by  the  middle  half  of  the 
farmers  who  cooperated  in  this  study. 

TABLE   XI— STANDARD  LABOR   REQUIREMENTS   FOR   FARM   OPERA- 

TIONS  NECESSARY  IN  THE  PRODUCTION  OF  ALFALFA 

Hours  per  Acre 

standard  Middle-class  range 


PlowinE- 

Land  not  in  alfalfa .. 
OU  alfalfa  land  .... 


Harrowing— 
Spike  tooth.. 
Spring  tooth. 
Diak 


Farrowin« 

IiTi«atin«^ 

By  flooding,  season .. 
By  farrows,  season . 


Harveetinir— 

Mowins 

Rakinar 

Banehinff  with  rake 

Cocking  from  windrows 

CockinfT  from  bunches 

Staekinff,  flrst  and  second  crop.. 
Stacking,  third  crop 


Man 
hours 


5.0 
6.6 


.6 
1.0 
1.0 

1.0 


4.2 
6.7 


1.2 
.5 
.4 
1.8 
1.2 
4.6 
3.0 


Horse 
hours 


16.0 
21. & 


1.8 
3.5 
4.0 

2.0 


2.4 

1.0 

.8 


Man  labor 


_l 


Horse  labor 


Ix)w     I     High 


I 


4.5 
5.9 


4.8 
3.6 


3.4 
4.0 


1.0 
.6 
.4 

1.5 
.9 

3.6 

2.6 


6.6 
8.2 


1.3 


5.2 

8.4 


1.3 
.7 
.5 
2.4 
1.3 
5.3 
3.6 


Low 


14.3 
17.7 


3.1 


2.0 
1.0 

.8 


4.0 
2.9 


HiRh 


23.8 
28.1 


2.6 
1.3 

.9 


5.9 
4.5 


Note — The  time  siven  for  each  operation  is  once  over,  except  for  irristttins.  for  which  the  hours 
ffiven  represent  the  time  required  per  year. 
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With  the  exception  of  the  time  for  plowing,  the  standards  given 
in  Table  XI  eorresi)ond  closely  with  the  averages  obtained  in  other 
States.  The  time  nsed  in  plowing?  an  acre  of  land  seems  to  be  higher 
in  the  area  stndied  than  in  other  sections.  The  normal  amount  of 
time  to  plow  an  acre  in  the  middle  west'  with  3  horses  and  a  16-inch 
plow  is  nsually  estimated  at  about  3i  hours.  The  average  time  used  by 
the  farmers  who  cooperated  in  this  study  is  5  hours  when  plowing  land 
not  in  alfalfa,  and  6.6  hours  when  plowing  up  old  alfalfa.  No  satlv 
factory  explanation  can  be  given  at  present  for  the  extra  time  required 
to  plow  an  acre  of  land  in  western  Nevada.  Possibly  the  fact  that 
the  fields  phiwetl  usually  were  small  had  some  effect  in  raisiujr  the 
time  required. 

INTERPRETATION  OF  RESULTS 

The  material  just  presented  in  this  bulletin  is  of  general  interest  to 
alfalfa  growers  because  the  cost  re<juirements  and  labor  re{|uire»ieiits 
are  preseuted  for  a  characteristic  alfalfa-producing  area  of  Nevada. 
.Many  of  these  costs  are  difficult  for  an  individual  farmer  to  calculate 
for  himself.  This  is  particularly  true  of  such  items  as  enter  into  the 
sundry  expenses.  When  a  farmer  does  know  his  own  costs  these  aver- 
ages become  valuable  as  standards  by  which  he  may  measure  his  ov^n 
etficiency.  These  studies  may  point  the  way  to  methods  of  lowering 
costs,  for  they  show  the  reasons  for  variations  in  costs  and  suggest 
ways  in  which  costs  may  be  lowered. 

What  an  individual  may  do  in  regard  to  lowering  his  cost  of  produc- 
tion is  determined  partly  by  natural  conditions  and  to  almost  an  equal 
extent  by  the  individuality  of  the  farmer.  Lowering  the  cost  ha.s  the 
same  effect  on  profits  as  increasing  the  price  received,  but  with  this 
difference,  that  the  lowering  of  costs  is  at  least  to  some  extent  under 
the  control  of  each  individual  farmer  while  the  raij4ing  of  prices  is 
seldom  within  his  control. 

ADAPTATION    OP    RESULTS    TO    VARYING   ECONOMIC    CONDITIONS 

The  cost  of  growing  an  acre  or  a  ton  of  alfalfa  is  extremely  variable 
since  cost  depends  upon  so  many  variable  factors.  In  the  first  place  the 
methods  em])loyed  by  farmers  is  not  at  all  uniform  and  there  is  quite 
a  difrerence  in  efficiency  in  performing  their  work.  When  using 
identical  e(|uipnu*nt  there  is  often  a  wide  variation  in  the  time  re<piired 
by  different  individuals  to  perform  the  same  operation.  In  determining 
labor  re(|uirements  it  is  necessary  to  express  the  results  in  terms  of  the 
"average"  farmer.  Although  individuals  vary  in  the  time  required  t*> 
do  a  certain  kind  of  work,  the  time  required  by  the  average  indi- 
vidual shows  remarkably  little  variation.  The  average  time  re<iuire<l 
to  mow  an  acre  of  alfalfa  practically  always  falls  between  one  and  one 
and  one-quarter  hours  per  acre,  regardless  of  the  place  in  which  the 
investigation  is  made.  In  a  bulletin  just  issue<l  by  the  Oregon  Experi- 
ment Station  on  Cost  and  Efficiency  in  Producing  Alfalfa  Hay  (Oregon 
Station  Bulletin  241),  the  average  labor  requirements  for  most  opera- 
tions are  i)ractically  identical  with  those  found  in  western  Nevada.  For 
practical  purposes,  it  may  be  assumed  that  the  average  time  required 
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for  siH*cific  (>|)eratiou.s  with  similar  equipment  is  a  constant  that  does 
not  materially  change  l>etween  one  locality  and  another.  The  varia- 
tion in  the  efficiency  of  individuals  may  be  expressed  by  j^ivinj?  the 
middle-cla^ss  range. 

There  are  many  physical  or  material  factors  in  inthiencing  cost  of 
producticm  that  are  easier  to  measure  and  adjust  than  is  the  individu- 
ality of  the  farmer.  Some  of  these*  factoids  are  productivity  of  the  soil, 
size  or  types  of  machines  ust*d,  size  of  fields,  value  of  land,  rate  of 
interest,  and  value  per  hcuir  of  man  and  horse  lal><>r.  Tlie  effect  of 
all  these  variables  can  be  measured  and  allowed  for  in  making  calcida- 
lions  of  total  costs.  It  is  time  wasted  to  present  average  costs  of 
producing  (*rops  without  making  provision  whereby  corrections  can 
l)e  mad(»  for  these  factors  that  vary  between  localiti«'s  and  from  year 
to  year  as  economic  conditions  change. 

With  this  objective  in  mind  the  charts  on  the  following  pages  have 
been  constructed.  They  make  ])ossible  the  adaptation  of  the  data 
previcmsly  given  to  the  conditions  of  other  lo<*alities  or  to  other 
economic  conditions  that  may  exist  in  the  future.  By  utilizing  these 
charts  (me  may  use  any  rate  of  man  labor,  any  rate  of  horse  labor,  any 
interest  rate,  any  land  valuation  or  any  yield  i)er  acre  desired.  The 
cost  per  ton  under  any  combination  of  these  items  umy  be  found  by 
a  simple  process.  Any  change  in  prices  of  these  factors  can  be  accom- 
mmlated  within  wide  limits  on  these  charts. 

Farmers  may  use  these  charts  as  a  standard  in  measuring  their 
own  efficiency.  Since  the  charts  are  calculated  from  average  costs, 
about  one-half  the  farmers  should  be  able  to  prmluce  at  a  somewhat 
smaller  cost  while  the  others  will  produce  their  alfalfa  at  as  great  or 
somewhat  greater  cost  than  is  indicated  by  the  charts. 

CALCXTLATION  OF  COST  OF  PRODUCTION  OF  ALFALFA  UNDER 
VARYING  ECONOMIC   CONDITIONS 

Throughout  this  bulletin  fixed  rates  have  b(»en  used  for  man  labor, 
horse  labor,  land  valuations,  ami  intenvst  rates,  and  average  yields 
per  acre  for  the  various  localities  have  been  used.  Whenever  any  of 
these  values  change,  the  cost  of  production  changes  so  that  the  money 
costs  so  far  given  in  the  bulletin  are  of  only  local  and  temporary 
value,  but  the  cost  of  production  under  any  new  set  of  price  conditions 
can  be  (juickly  determined  by  using  Charts  Vll  and  VI 11. 

Chart  Vll  is  used  to  calculate  the  cost  per  acre,  without  interest. 
at  any  labor  rate  of  man  or  horse*  and  with  varying  yields  per  aci*e 
when  alfalfa  is  irrigated  either  by  flooding  or  by  fin-rows. 

Chart  Vll  I  is  used  to  calculate  the  effect  of  interest  rate  and  value  of 
investment  per  acre  on  the  total  cost. 

The  method  of  using  these  charts  is  explained  on  the  pages  facing 
each  chart. 

When  oidy  two  cuttings  of  hay  are  i)ut  up,  the  cost  of  mowing, 
raking  and  stacking  the  third  cro])  may  be  calculated  from  the  table 
of  .standard  recpiirements  and  this  amount  deducted  from  the  results 
ohtain«Ml  bv  using  the  charts. 
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HOW  TO  USE  CHART  Vn 

Example — What  is  the  cost  of  producing  alfalfa  by  furrow  irrigation 
with  man  labor  at  33  cents  per  hour,  horse  labor  at  9  cents,  and 
the  average  yield  per  acre  4  tons? 

1.  Lay  a  ruler  from  33  on  scale  A  of  the  right-hand  chart  to  9  on 
scale  B  of  the  same  chart,  as  shown  by  the  dotted  line,  and  read  $23  on 
scale  X.  This  is  the  cost  per  acre  for  a  yield  of  four  and  one-quarter 
tons  per  acre. 

2.  To  correct  this  cost  for  four  tons  per  acre,  lay  the  ruler  from  $23 
on  the  scale  X  to  4  tons  on  the  middle  scale  and  read  $22.50  on 
scale  Y.  This  is  the  cost  per  acre  without  interest  added.  To  find  the 
cost  with  interest  added  turn  to  the  next  chart,  after  making  correc- 
tions for  sundry  costs  if  any  are  needed. 

To  Ck)rrect  for  Variations  in  Sundry  Costs 
In  this  chart  certain  sundry  costs  are  assumed  that  are  chargeable 
against  each  acre  of  alfalfa.     These  costs  are  as  follows: 

Taxes , $1.50 

Water 1.50 

Irrigation  system  and  equipment  upkeep 2.00 

MisceUaneous  cash J50 

Overhead 1.50 

Total  $7.00 

Variations  in  these  sundry  costs  can  be  made  by  simply  adding  or 
subtracting  the  correction  from  the  final  results. 

If  taxes  in  your  locality  are  $1  instead  of  $1.50  per  acre,  and  if  water 
costs  are  only  75  cents  an  acre  instead  of  $1.50,  the  total  sundry  costs 
would  be  reduced  50  cents  for  taxes  and  75  cents  for  water,  making  a 
total  reduction  of  $1.25.  Merely  subtract  this  amount  from  $22.50, 
which  would  leave  $21.25  total  cost  per  acre.  Carry  this  result,  $21.25, 
to  the  next  chart  to  correct  for  interest  on  investment. 
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HOW  TO  USE  CHART  VUI 

ExainpJv — From  the  example  on  the  previous  pajre  it  was  foiuiti 

that  the  cost  per  aere  under  the  conditions  assumed  was  ^"2 1.2'). 

What  would  he  the  eost  with  an  investment  per  aere  of  $120 

and  interest  charged  at  i)'f  ? 

1.  Lay  the  ruh»r  from  $21.25  on  the  rljrht-hand  scale  to  $120  on  tho 

left-hand  scale  and  read   the  answer  in   the   5%    column,  which  i> 

$27.25.     This  value,  $27.25,  is  the  averajre  cost  per  acre  of  producing 

alfalfa  under  the  conditions  a.ssumed.    To  Hud  the  cost  per  ton  simply 

divide  $27.25  by  the  yield,  which  is  $6.81  per  ton. 
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OTHER  METHODS  OF  UTIUZINa  BESULTS 
1.  Finding  Value  of  Land 
The  charts  may  be  used  for  the  purpose  of  quickly  determining  on 
what  valuation  of  land  profits  may  be  made  or  on  what  value  the  land 
will  earn  a  fair  rate  of  interest  after  all  other  expenses  are  met. 
Example — ^What  is  the  value  of  land  for  the  raising  of  alfalfa  hay 
under  the  following  conditions?    Man  labor  at  40c  per  hour; 
horse  labor  at  12c  per  hour;  yield  per  acre,  5  tons;  interest 
charge,  8% ;  average  annual  price  for  hay,  $8  per  ton;  irriga- 
tion by  furrowing. 
Method — In  Chart  VII  under  Irrigation  by  Furrows  it  will  be  found 
that  the  cost  per  acre  for  a  yield  of  5  tons  is  $27.    The  amount  received 
for  5  tons  of  hay  at  $8  would  be  $40  per  acre.    On  Chart  VIII  place  the 
ruler  on  27  on  the  right-hand  scale  and  across  40  on  the  8%  scale  and 
read  162  on  the  left-hand  scale.    Land  which  would  produce  annually 
under  these  conditions  would  pay  8%  interest  on  a  valuation  of  $162 
per  acre. 

This  is  the  highest  valuation  of  land  on  which  interest  could  be 
paid  at  the  assumed  rate.  The  obvious  value  of  this  chart  used  in  this 
way  would  be  for  the  purpose  of  determining  the  actual  value  of  land 
on  the  basis  of  its  earning  power. 

2.  Lowest  Yield  Possible  Without  Loss 
Example — ^What  is  the  lowest  yield  per  acre  that  will  permit  the 
growing  of  alfalfa  without  loss,  assuming  the  following  con- 
ditions?   Value  of  land,  $150  per  acre;  interest  rate,  6%;  man 
labor  at  40c;  horse  labor  at  12c;  average  price  per  ton,  $8; 
irrigation  by  flooding. 
Method — By  use  of  the  charts  make  a  table  of  per  -  acre  costs  and 
receipts  for  varying  yields  as  follows : 

Cost  without  Cost  with  Valae  of  crop 

interest  interest  at  $8  per  ton 

2  tons  per  acre. $19.00  $28.00  $16.00 

3  tons  per  acre 20.25  29.25  24.00 

4  tons  per  acre 21.75  30.75  32.00 

5  tons  per  acre 23.00  32.00  40.00 

From  this  table  it  can  be  seen  from  inspection  that  a  yield  of  3  tons 
per  acre  will  not  meet  expenses,  while  a  4-ton  yield  shows  a  profit  of 
$1.25  per  acre.  The  point  at  which  receipts  and  expenses  balance  is 
therefore  between  3  tons  and  4  tons  per  acre,  and  can  be  found  by 
further  trial  to  be  close  to  3f  tons  per  acre.  Therefore,  under  the  con- 
ditions given  above  alfalfa  should  yield  3 J  tons  or  more  per  acre  to  be 
profitable. 

3.  Betum  to  Man  Labor 

The  probable  return  to  man  labor  may  be  calculated  by  means  of 
the  charts  when  the  following  factors  are  known :  (1)  The  value  of  the 
land,  (2)  the  rate  of  interest  for  which  money  can  be  borrowed,  (3)  the 
average  yield  per  acre,  and  (4)  the  cost  of  horse  labor. 
Example — What  will  be  the  average  return  to  man  labor  on  furrow- 
irrigated  land  with  the  following  values  known  ?    Value  of  land, 
$150;  interest  rate,  8% ;  average  yield  per  acre,  5  tons;  average 
price  per  ton,  $8 ;  horse  labor  per  hour,  12c ;  land  irrigated  by 
furrows. 
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The  average  annual  return  for  5  tons  of  hay  at  $8  would  be  $40 
per  acre. 

Method — (1)  Place  the  ruler  on  $150  on  the  investment  per  acre 
scale,  Chart  VIII,  and  across  $40  on  the  8%  line.  Kead  approximately 
$28  on  the  right-hand  scale.  (2)  Next  turn  to  Chart  VII  and  place  the 
ruler  on  $28  on  scale  Y  (irrigation  by  furrows  chart)  and  across  5  tons 
on  the  yield  per  acre  chart.  Put  the  point  of  the  pencil  where  the 
ruler  crosses  scale  X.  (3)  Leaving  the  pencil  in  place  lay  the  ruler 
from  the  pencil  point  on  scale  X  to  12c  on  scale  B  and  read  42  on 
scale  A. 

The  probable  return  to  man  labor  from  this  combination  of  prices 
will  therefore  be  about  42  cents  per  hour. 

The  charts  may  also  be  used  for  determining  the  probable  gain  or 
lass  from  plowing  up  old  alfalfa  land  and  reseeding  with  a  nurse  crop 
by  simply  calculating  the  probable  income  each  year  for  a  series  of 
years  with  both  old  and  new  seedings.  The  net  cost  of  securing  the 
new  stand  should,  of  course,  be  estimated  and  added  to  the  annual 
cost  of  the  new  alfalfa  after  dividing  by  the  average  life  of  alfalfa 
stands  in  the  section  under  consideration. 

The  economics  of  fertilizing  can  be  easily  calculated  when  the 
resulting  increase  in  production  is  known. 

Similar  charts  will  soon  be  available  for  other  crops  than  alfalfa, 
which  will  make  possible  the  quick  determination  of  the  most  profitable 
crops  to  grow  as  economic  conditions  change. 
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APPENDIX 

MEASURING  HAY  IN  STACKS 
Some  fcirnuTs  find  it  diflficult  to  calculate  tlic  niniilx'r  of  tons  of  hay 
in  stacks,  and  this  is  especially  true  for  round  stacks.  A  few  charts 
have  been  added  as  an  appendix  to  this  buUetin  hy  means  of  which  the 
number  of  tons  of  hay  in  stacks  can  be  calculated  in  a  moment, 
after  the  dinuMisions  have  been  found  by  measurement.  The  charts 
are  accurate  to  the  nearest  ton,  but  cannot  well  be  used  for  calcii]atin<j: 
to  a  small  fraction  of  a  ton.  Since  the  usual  formulas  are  usually  not 
accurate  within  5  or  10  per  cent  of  the  actual  weijrht,  there  is  really 
no  increase  in  accuracy  obtained  when  hay  is  measured  and  estimated 
to  a  fraction  of  a  t(m. 
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QUABTEBBiASTERS  RULE 

To  determine  the  tons  of  hay  in  long  stacks  it  is  necessary  to  measure 
the  over,  width  and  length.  Measure  the  overthrow  near  each  end 
and  in  the  center  and  find  the  average. 

The  rule  is  to  add  the  over  to  the  width,  divide  by  4,  multiply  this 
result  by  itself,  multiply  by  the  length,  and  divide  by  the  number  of 
cubic  feet  in  a  ton,  usually  512. 

0=Over.  /r^-4-\v\2      t 

\V=Width.         Formula:     (-~^)  X.,   =T()ns 
L=Length.  \     4     /      .>12 

Example — Find  the  tons  of  hay  in  a  stack  of  the  following  dimen- 
sions :   Over,  66  ft. ;   width,  30  ft. ;   length,  47  ft. 
By  Arithmetic—  66+  30=96 

96-*-    4=24 
24X  24=576 
576  X  47=27072 
27072-512=52.9  tons. 

By  Chart — Lay  a  ruler  from  96  on  the  right-hand  scale  to  47  on  the 
left-hand  scale  of  Chart  IX,  and  read  53  tons  on  the  center  scale. 

Note — If  it  is  desired  to  use  any  number  of  cubic  feet  per  ton  other 
than  512  carry  the  answer  53  to  Chart  XI,  and  follow  directions. 
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Bound  Stacks 

To  estimate  the  number  of  tons  of  hay  in  round  stacks  it  is  neeessarA- 
to  measure  the  circumference  and  the  over.  Measure  the  circumfer- 
ence midway  between  the  ground  and  the  bulg:e.  In  ^ettinp:  the  over- 
throw, the  tape  should  go  over  the  highest  part  of  the  stack,  and  two 
measurements  should  be  made  at  right  angles  to  each  other.  The 
average  of  these  two  measurements  may  then  be  used  as  the  true 
measure  of  the  over. 

The  rule  is:  Add  the  over  to  the  diameter,  divide  by  4,  multiply 
this  result  by  itself,  then  multiply  by  one-fourth  the  circumference, 
and  divide  by  the  niimber  of  cubic  feet  per  ton,  usually  512. 

C=(Mrcumference.  ^.      /()_lj^\2 

])r:=Diameter.  Formula:        x(  )"H-.il2=Ton< 

0=Over.  4      \     4     / 

Example — Find  the  tons  of  hay  in  a  round  stack  of  the  followinjr 
dimensions :  Over,  85  ft. ;   circumference,  120  ft. 

By  Arithmetic—  ^  =i2()-f-4=3() 

I)=120^:?.141(>=:iS.2 
0+0=sr)+88.2=123.2 

^-^i^=12:5.2^4=:U).<S 
4 

(^^^VW>().SX8().S=94<S.G4 

/^^^^)^'x^=i)48.64X;)()=284o9.2 
284r)9.2H-.-)12=.')5.6  tons 

By  Chart — To  find  the  diameter,  I),  find  the  circumference  120  on 
scale  C  and  note  that  the  diameter  is  38.2  feet.  Add  this  to  the  over 
to  get  over  +  diameter.  85+38.2=123.2. 

Lay  a  ruler  from  123.2  on  the  right-hand  scale  to  120  on  the  left-hand 
scale,  and  read  tons  on  the  central  scale  which  is  slightly  over  55  tons. 

Note — If  it  is  desired  to  use  any  other  number  of  cubic  feet  per  ton 
than  512,  carry  the  answer  55.6  to  Chart  XI  and  follow  directions. 
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CORRECTION  FOR  NUMBER  OF  CUBIC  FEET  PER  TON  OF  HAY 

The  number  of  cubic  feet  in  a  ton  of  hay  depends  upon  the  kind  of 
hay,  moisture  content  when  stacked,  precipitation  since  stacking,  and 
length  of  time  since  stacking.  Iii  practice  it  is  usual  to  take  into  con- 
sideration only  the  length  of  time  stacked,  and  even  for  this  there  is 
no  rule  uniformly  followed. 

Charts  IX  and  X  give  the  number  of  tons  in  stacks  when  512  cubic 

feet  per  ton  is  used.    When  it  is  desired  to  use  any  other  number  of 

cubic  feet  Chart  XI  is  used  to  correct  the  answers  obtained  from 

Charts  IX  and  X. 

Example — In  the  example  given  for  the  round  hay  stack.  Chart  X. 

55.6  tons  were  found  when  512  cubic  feet  were  used.     How 

many  tons  in  a  stack  of  the  same  dimensions  when  400  cubic 

feet  are  used  ? 

Lay  a  ruler  from  55.6  on  the  right-hand  scale  of  Chart  XI  to  400 
on  the  left-hand  scale  and  read  the  corrected  result,  71  tons  on  the 
center  scale. 
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BuUctin  No.  118  RENO,  NEVADA  June.  1930 


EFFICIENCY   IN    DAIRYING 


This  bulletin  includes  three  separate  papers  on  the  subject  of  Dairy 
Efficiency  which  were  originally  published  in  mimeographed 
form  in  the  monthly  News  Bulletin  issued  by  this  Depart- 
ment.   The  demand  for  these  numbers  indicated  that 
it  would  be  justifiable  to  publish  them  in  perma- 
nent form  so  they  would  have  a  wider  dis- 
tribution. Only  a  few  minor  changes 
have  been  made  from  the  original. 


By 
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L    EFFICffiNCY  IN  DAIRYING 


Dairying  is  one  of  the  most  important  industries  in  the  United 
States.  In  value  of  product  it  is  second  only  to  iron  and  steel. 
It  is  one  of  the  few  important  agricultural  enterprises  that  have 
consistently  maintained  a  fairly  satisfactory  price  index  during 
the  post-war  period.  If  other  agricultural  commodities  had  been 
maintained  on  as  satisfactory  a  basis  as  the  products  of  the  dairy 
industry,  or  at  least  that  portion  of  the  dairy  industry  that  pro- 
duces butter  fat,  there  would  have  been  less  agitation  for  farm 
relief, 

Although  dairying  is  in  a  healthier  condition  than  most  of  the 
other  enterprises  of  the  agricultural  family,  there  is  still  a  need 
of  improvement.  The  average  dairyman  of  Nevada  is  just  about 
making  wages  and  interest  on  investment;  this  means  that 
the  less  efficient  50%  of  them  are  getting  somewhat  less  than  a 
satisfactory  labor  income.  It  is  hardly  to  be  expected  that  con- 
ditions could  be  permanently  improved  so  that  most  of  the  dairy- 
men would  get  a  high  labor  income ;  green  pastures  are  always 
so  attractive  that  luxurious  living  conditions  in  any  one  field 
do  not  last  long. 

The  United  States  continued  to  import  dairy  products  until 
the  latter  part  of  1929,  but  for  nearly  a  decade  our  dairy  pro- 
duction had  come  within  one  per  cent  of  supplying  our  own 
requirements.  Under  these  conditions  any  artificial  stimulation 
of  butter  fat  prices  would  probably  result  temporarily  in  an 
increased  dairy  production  that  would  soon  put  this  country 
on  an  export  basis  with  resulting  price  fluctuations  and  a  later 
downward  trend  in  the  industry. 

There  is  another  danger  to  the  industry  that  might  result 
from  any  temporary  stimulation  of  butter  prices.  Every  increase 
in  the  price  of  any  product  is  usually  followed  by  a  decrease  in 
the  demand  for  that  product  and  an  increase  in  the  demand  for 
some  substitute  that  will  take  its  place.  Raising  the  price  of 
butter  will  increase  the  use  of  butter  substitutes,  but  lowering 
the  price  after  an  increase  will  not  bring  back  all  the  consumers 
who  have  become  accustomed  to  the  use  of  the  substitute. 

The  available  means  of  permanently  improving  the  dairy 
industry  are  cooperative  marketing  and  more  efficient  methods 
of  production.  These  methods  will  not  result  in  increasing  cost  of 
dairy  products  to  consumer;  they  will  put  dairying  on  an  effi- 
ciency basis  founded  on  sound  economic  principles.  Prices  will 
be  more  fully  stabilized  and  the  quality  of  products  standardized. 
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ECONOMIC  HISTORY  OF  THE  NEWLANDS 
IRRIGATION  PROJECT,  1912-1929 


INTBODUOTION 

The  Tnickee-Carson  Project  was  one  of  the  first  for  which  con- 
struction and  development  w^as  authorized  by  Congress,  in  the  Federal 
Reclamation  Act  of  1902.  Public  lands  were  opened  by  the  United 
States  to  homestead  entry  in  1907,  after  completion  of  the  Truckee 
canal  which  carries  water  from  the  Truckee  River  and  empties  it  into 
the  Carson  River.  The  union  of  these  two  rivers  that  furnish  the 
water  supply  of  the  project  suggested  the  name  Truckee-Carson  Pro- 
ject, which  was  first  adopted.  The  name  was  later  changed  to  Newlands 
Project  in  honor  of  Francis  G.  Newlands,  the  author  of  the  Reclamation 
Act. 

Lahontan  dam  was  completed  in  1915.  This  dam  conserves  the 
waters  of  the  Carson  River  and  that  part  of  the  Truckee  River  which 
is  carried  to  the  reservoir  through  the  Truckee  canal.  The  Lahbntan 
reservoir,  which  was  thereby  formed,  is  capable  of  storing  294,000 
acre  feet  of  water  and  made  possible  the  conservation  of  much  water 
that  was  previously  lost,  increased  the  area  that  could  be  safely  brought 
under  cultivation,  and  insured  a  dependable  water  supply  to  the  lands 
below  the  dam.  Even  in  the  periods  of  lowest  rainfall  there  has  been 
ample  water  to  produce  maximum  crops,  but  the  bench  lands  above  the 
reservoir  have  occasionally  been  somewhat  short  of  water  during  the 
latter  part  of  the  irrigation  season. 

In  1912,  the  United  States  Reclamation  Service  began  taking  an 
annual  census  which  included  the  number  of  acres  irrigated,  the  num- 
ber of  live  stock  of  each  kind,  and  the  acreage  and  yield  of  the  various 
crops.  The  census  is  required  by  the  Reclamation  Bureau  and  has  been 
continued  since  control  of  the  project  was  assumed  by  the  Truckee- 
Carson  Irrigation  District  in  1926.  The  Department  of  Farm  Devel- 
opment of  the  Nevada  Agricultural  Experiment  Station  entered  into 
cooperation  with  the  district  and  undertook  to  tabulate  the  results 
secured  in  1929  and  to  correlate  them  with  the  census  reports  of 
previous  years.  All  the  expense  of  tabulation  has  been  borne  by  this 
department. 

It  was  intended  by  the  Reclamation  Bureau  that  the  annual  census 
reports  should  serve  as  a  means  of  determining  the  progress  of  the 
development  of  the  various  Federal  projects  and  they  have  undoubt- 
edly been  of  great  value  from  this  standpoint,  but  it  was  believed  by 
the  authors  that  these  census  results  for  the  Newlands  Project,  if  care- 
fully tabulated  and  published,  would  be  of  considerable  interest  and 
value  to  the  business  interests  as  well  as  to  farmers  of  the  project. 

The  value  of  economic  studies  of  this  kind  is  becoming  generally 
recognized.  They  make  it  possible  to  study  the  business  of  agriculture 
of  the  county  or  project  or  community  as  if  it  were  a  single  business 
concern,  and  to  evaluate  the  strong  and  weak  points  of  its  make-up. 
With  this  information  available,  it  should  be  possible  for  county  agents, 
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6  Economic  History  of  the  Newlands  Reclamation  Project 

the  Farm  Bureau  and  private  individuals  to  work  more  eflfectively  in 
the  shaping  of  the  agricultural  policy  of  the  district  along  the  more 
profitable  lines  of  development. 

An  analysis  of  this  kind  necessarily  brings  to  light  some  less  satis- 
factory lines  of  development  which  must  be  presented  along  with  daU 
that  show  real  progress  in  other  lines.  It  is  the  study  of  the  more 
backward  phases  of  the  agriculture  of  the  project  that  should  make  it 
possible  to  plan  future  development  along  sounder  economic  lines. 

METHOD  OF  TAKCNO  CENSUS 

The  farm  census  of  the  Newlands  Project  is  taken  by  the  ditch  rider 
in  each  district  in  the  fall  of  the  year,  generally  in  October  or  early 
November.  When  complete,  the  schedules  from  each  farm  are  sent  to 
the  district  ofiBce  for  compilation.  When  the  tabulations  have  been 
completed  the  results  are  published  in  the  local  papers  and  the  sum- 
maries are  published  by  the  Newlands  Experiment  Farm  in  the  repwts 
of  that  Station.  No  attempt  to  analyze  the  results  for  all  years  has 
previously  been  made.  In  1929  the  results  were  compiled  as  usnal 
in  the  district  ofiBce,  but  the  expense  of  compilation  was  met  by  the 
Department  of  Farm  Development. 

In  this  bulletin  the  attempt  is  made  to  correlate  the  results  of  the 
18  census  summaries  and  to  subject  them  to  economic  analysis  in  order 
that  the  farmers  of  the  Newlands  Project  may  obtain  some  additional 
benefit  from  the  mass  of  data  which  has  hitherto  been  available,  but 
which  remained  practically  unused.  To  these  summaries  has  been 
added  other  information  such  as  the  freight  movement  of  various  com- 
modities, purchases  of  cream  by  creameries  and  other  similar  facts  of 
economic  importance. 

The  average  United  States  Farm  Price,  where  used  in  the  tables, 
has  been  obtained  from  the  Yearbook  or  from  Crops  and  Markets 
issued  by  the  United  States  Department  of  Agriculture. 

TOTAL  ABEA  IBBIOATED  AND  CULTIVATED 

When  the  first  census  was  taken  in  1912,  the  total  irrigable  area 
under  water  contract  was  found  to  be  55,000  acres.  This  area  increased 
slowly  until  1919,  when  settlement  of  the  Carson  Lake  and  Soda  Lake 
Districts  caused  a  sudden  rise  to  a  total  of  nearly  70,000  acres  of  irri- 
gable land  owned  within  the  project.  In  1929,  the  irrigable  area  had 
increased  to  85,000  acres  with  the  inclusion  of  the  community  pastiu*. 

The  decline  which  took  place  between  1922  and  1927  was  due  to  two 
principal  causes.  The  high  price  levels  between  1916  and  1920  induced 
the  settlement  of  many  new  units  of  relatively  low  productivity.  When 
the  price  recession  came  in  1921  some  of  these  units  were  abandoned. 
High  water  tables  further  added  to  the  difiiculty  of  farming  all  mar- 
ginal lands,  and  caused  the  abandonment  of  a  small  part  of  the  irrigable 
area.  Recent  drainage  work  is  now  checking  further  reduction  of  the 
irrigable  area  because  of  high  water  tables,  and  some  previously  unpro- 
ductive land  has  been  reclaimed. 

The  area  actually  irrigated  is  a  better  index  of  the  growth  of  the 
project  than  the  irrigable  area.  The  irrigated  area  started  at  abont 
36,500  acres  in  1912,  and  has  increased  steadily,  with  only  minor 
fluctuations,  up  to  the  present  time.    The  total  is  now  reported  to  be 
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47,300  acres  irrigated,  with  the  community  pasture  omitted,  or  54,040 
acres  when  it  is  included.  There  was  a  decline  in  the  irrigated  area 
of  about  2,000  acres  as  a  result  of  the  financial  depression  following 
the  war,  but  since  1925  this  loss  has  been  more  than  made  up. 

The  cultivated  area  is  a  better  index,  of  the  development  of  the 
project  than  is  either  the  irrigable  or  irrigated  area,  for  it  indicates 
the  amount  of  land  that  is  improved  sufficiently  to  produce  crops. 
In  1912,  the  cultivated  area  amounted  to  22,868  acres  which  has 
continued  to  increase  quite  steadily,  and  with  only  minor  fluctuations 
up  to  the  present  time,  when  it  stands  at  nearly  40,000  acres,  an  average 
increase  of  about  1,000  acres  per  year. 


TABLE  I 

Acres  Irrigable,  Acres  Irrigated,  and  Acres  in  Onltivated  Crops  on  the 

Newlands  Project,  1912-1929 

Acres  irritable 
under  water  risht 
Year  contracts 

1912.^ 54,987 

1918 66,950 

1914_ 56,955 

1916_ _ 58,620 

1916™ - 62,284 

1917.- * 60.758 

1918«. 60,946 

1919- 62.105 

1920... 69.810 

1921.. 70.660 

1922 71,220 

1928 V 68,409 

1924- „ 67,464 

1925 65,881 

1926.- 66.277 

1927.. 66,277 

1928 64,114 

1929. »  66,649* 

*Wben  the  irritable  portion  of  the  community  pasture  is  inchxded  this  figure  is  increased 
to  85,825. 

tWhen  the  irrigated  portion  of  the  community  pasture  is  included  this  figure  is  increased 
to  54,040  acres. 


ACRES  IRRIGABLE,  IRRIGATED  AND  IN   CROP 


Acres  of 

Acres 

cultivated 

irrigated 

area 

86,620 

22.868 

48,075 

27,884 

89.516 

27.261 

40.295 

27.058 

89.449 

27,086 

40.892 

29,421 

42,811 

88.284 

44.824 

86.219 

45.611 

86.722 

46.148 

86.758 

44.968 

86.151 

44.866 

85,781 

44.280 

87.938 

42,468 

87.986 

45.459 

89.598 

49.255 

40.826 

49.970 

40.608 

47.801t 

89.581 

5____ 
Chart  1.    Oraph  showing  contract  area  irrigable,  area  irrigated,  and  area 
cultivated  from  1912  to  1929,  inclusive. 
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ALFAU'A 

The  area  in  alfalfa  rose  steadily  from  12,912  acres  in  1912  to  29,94:] 
in  1922.  Since  that  time  the  area  has  remained  practically  constant 
About  3,200  acres  were  seeded  annually  to  new  alfalfa  during  tk 
period  of  expanding  alfalfa  acreage,  but  the  annual  increase  in  total 
alfalfa  acreage  averaged  only  1,650  acres.  This  indicated  that  aboat 
1,550  acres  of  land  previously  in  alfalfa  were  put  to  other  use  each 
year.  During  1928  about  3,000  acres  new  alfalfa  were  seeded  without 
a  resulting  increase  in  total  acreage,  indicating  that  an  equal  area  of 
old  alfalfa  was  utilized  for  other  purposes. 


TABLE  n 
Area  and  Production  of  Alfalfa,  1912-1929 


Yield 
Old  alfalfa        New  alfalfa        per  acre 

Year  Acres  Ajeres  Tona 

1912 12.912  8.319  2.60 

1913 18,960  4.623  8.23 

1914 18.212  8.844  8.29 

1915 18.273  2,070  2.98 

1916 19.641  1,904  8.16 

1917 20.860  2.141  8.57 

1918 21.542  8.725  8.59 

1919 24,188  8.854  8.84 

1920 26,540  4.264  8.50 

1921 28.287  2,928  8.88 

1922 29,943  1.168  8.20 

1923 28,210  1,907  8.00 

1924...- 80,652  1,166  8.01 

1925 28,183  2,459  3.28 

1926 28.961  2,196  8.87 

1927 29,849  1,977  2.88 

1928 29,054  8,012  8.31 

1929 28,922  8,169  8.16 


Alfalfa 
prodoeH 
Tods 
»,&» 
45.182 
59.873 
58.496 
61.75* 
72.769 
77.442 
92.850 
92.819 
95.561 
»5.S5a 
84.541 
92.500 
90.997 
97.5S1 
86.114 
96.167 
91.446 
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Chart  2.  Graph  showing  total  production  and  yield  per  acre  of  alfalfa  on 
the  Newlands  Project  from  1912  to  1929,  inclusive.  Total  production  trend 
has  remained  practically  constant  since  1919. 

The  total  amount  of  alfalfa  produced  on  the  project  increased  faster 
than  the  area  in  alfalfa  until  1919  when  an  average  yield  of  3.84  tons 


Digitized  by 


Google 


Economic  Historxf  of  the  Newlands  Reclamation  Project  9 

per  acre  was  obtained.  Since  1919  the  yield  per  acre  for  all  farms  on 
the  project  has  remained  slightly  above  or  below  SYl  tons.  Since  1912 
there  have  been  three  exceptional  depressions  in  yield  as  indicated  by 
sharp  drops  in  the  production  curve  shown  in  Chart  2.  In  the  spring 
of  1915  a  heavy  frost  severely  damaged  the  first  crop.  In  1923  a  com- 
bination of  aphis  and  locusts  reduced  the  yield  of  the  first  crop,  and 
again  in  1927  the  aphis,  assisted  by  a  cold,  backward  spring,  caused 
another  decided  drop  in  the  production  curve. 

Since  the  deflation  year  of  1920  the  area  in  old  alfalfa  has  averaged 
29,118  acres,  and  there  has  been  but  little  variation  in  area.  New  seed- 
ings  have  varied  from  1,163  to  over  3,000  acres  per  year.  The  area 
of  old  alfalfa  plowed  up  and  of  new  alfalfa  put  in  is  influenced  by 
the  current  prices  of  cash  crops. 

New  seedings  average  2,219  acres  yearly  since  1920.  This  is  7.6% 
of  the  average  area  in  old  alfalfa.  It  means  that  one  acre  must  be 
seeded  each  year  to  every  13  acres  in  old  alfalfa  in  order  to  maintain 
the  old  alfalfa  acreage. 

New  seedings  for  the  period  1912-1920  average  3,237  acres  yearly. 
Old  alfalfa  increased  from  12,912  acres  in  1912  to  26,540  acres  in  1920. 
This  is  an  average  annual  increase  of  1,704  acres  per  year  for  8  years, 
or  an  average  annual  replacement  of  8.7%. 


AREA  I  N  CULTI  VATED  CROPS 
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Chart  3.  Oraph  showing  total  area  in  cultivated  crops  on  the  Newlands 
Project  from  1912  to  1929,  inclusive.  Note  that  alfalfa  occupies  more  than* 
three-fourths  of  the  total  area.  Irrigated  native  grass  pasture  is  not  included 
in  this  chart. 

GRAIN  AND  COBN 
On  many  of  the  smaller  farms  of  the  project  very  little  grain  is 
produced,  but  grain  is  the  primary  crop  on  some  of  the  farms  in  the 
Island  and  Stillwater  sections  of  the  project.  It  is  used  in  all  parts  of 
the  project  as  a  nurse  crop  to  alfalfa  and  frequently  as  an  intermediate 
crop  after  old  alfalfa  has  been  plowed  up. 

In  the  earlier  years  of  the  project  wheat  and  barley  were  planted  in 
about  equal  amounts,  but  during  the  past  decade  wheat  has  become 
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much  the  more  important  crop  of  the  two.  The  position  occupied  by 
wheat  and  barley  in  the  agriculture  of  the  project  may  be  seen  graphi- 
cally  presented  in  Chart  3. 

The  production  of  oats  on  the  project  has  been  practically  discon- 
tinued since  the  replacement  of  horses  by  motor  trucks  in  freighting 
to  mining  camps.    The  area  in  oats  has  not  exceeded  72  acres  since  1916. 

Corn  was  not  separately  reported  in  the  annual  census  of  the  project 
until  1922.  Since  that  time  the  area  in  com  has  fluctuated  between 
the  extreme  limits  of  160  and  424  acres,  the  average  being  302  acres. 

TABLE  m 

Area  and  Yield  of  Wheat,  Barley  and  Oats  on  the  Newlands  Project,  1912-1929 

, Wheat ^  , Barley ^ , Oats , 

Tons  per  Tons  per                             Tons  per 

Year                                  Acres  Tons  acre  Acres  Tons  acre  Acres  Tons  acre 

1912 2,484  1,222  .49  2,259  1.790  .79  899  270  .« 

1918 1,590  910  .56  1,880  1,040  .56  288  164  ^ 

1914 ^ 1,446  874  .60  1,829  750  .56  417  288  M 

1915 2.582  1.625  .68  1,788  1.190  .69  428  230  M 

1916 2,861  1,780  .60  1,658  1,250  .75  107  78  .68 

1917 2,582  1,295  .61  1.116  646  .58  27  15  .56 

1918 6,024  2.966  .59  1,874  850  .62  44  29  M 

1919 6,428  2.495  .46  619  262  .50  81  16  .48 

1920 8,686  2,746  .77  769  640  .70  68  54  .78 

1921 2.448  2,006  .82  782  469  -64  60  48  .80 

1922 2,410  1.510  .62  487  286  .64  72  SO  .42 

1928 8,116  2,115  .67  461  896  .88  70  45  .64 

1924 4,081  2.690  .66  297  208  .70  62  62  l.M 

1925 4,670  8,089  .66  760  628  .70  55  88  .60 

1926 6.886  8,842  .66  920  623  .67  28  11  M 

1927 4,829  8,886  .70  1,209  806  .67 

1928 6,715  4,185  .78  1,616  1,108  .68 

1929 6,285  8,715  .70  1.081  658  .64 

At  the  present  time  the  production  of  grain  and  corn  for  feed  is  not 
equal  to  the  feed  and  seed  requirements  of  the  project.  Importation 
of  feeds  into  the  project  totaled  78  carloads  in  the  period  from  July  1, 

1928,  to  June  30,  1929,  and  60  carloads  from  July  1,  1929,  to  June  30. 
1930.  The  net  imports  of  the  several  kinds  of  feed  for  the  1928  and  1929 
seasons  are  given  in  Table  IV. 

TABLE  IV 
Net  Imports  of  Feeds  In  Carloads,  Seasons  of  1928  and  1929* 

July,  1928.  to  July,  1929.  to 

June.  1929  June.  1980 

Wheat 1  0 

Corn - 87  18 

Barley - 7  8 

Mixed  feed. 88  S4 

•The  information  in  this  table  was  supplied  through  the  courtesy  of  the  Agent  of  the 
Southern  Pacific  Company  in  Reno. 

Wheat  imports  are  negligible  at  the  present  time.  Though  the  pro- 
duction of  wheat  fell  off  470  tons  in  1929  from  the  1928  production,  the 
demand  fell  off  also  because  of  the  decrease  in  both  chickens  and  tur- 
keys.   Mixed  feeds  and  barley  imports  were  practically  unchanged  in 

1929,  but  com  imports  were  cut  in  half,  probably  due  to  the  decrease 
of  10,000  turkeys  and  the  lessened  demand  for  fattening  com. 

POTATOES 

The  potato  acreage  on  the  Newlands  Project  has  been  strongly  influ- 
enced by  the  average  United  States  farm  price.    The  average  United 
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States  farm  price  for  the  18  years,  1912  to  1929,  inclusive,  was  $33.60 
per  ton.  The  average  potato  prices  each  year  are  based  on  the  seasonal 
price  beginning  in  September  of  the  crop  year  and  ending  in  May. 

The  average  annual  area  planted  to  potatoes  on  the  Newlands  Project 
during  the  same  18-year  period  was  342  acres  per  year.  The  smallest 
area  reported  was  101  acres  in  1929,  and  the  greatest  area  was  870  acres 
in  1922. 

TABI.E  V 
Potato  Acreage,  Production  and  Average  United  States  Farm  Price,  1912-1929 

Production        Average  price 

Ye*r                                                                                                   Acres  Tons  per  ton* 

1912 488  1,969  $18.58 

1918 416  894  28.68 

1914_ 288  714  19.88 

1915 „ 196  754  28.60 

1916^_ 177  882  55.48 

1917 322  1,698  40.88 

1918 884  1.526  41.87 

1919-- 152  781  74.60 

1920_ 854  1,104  48.88 

1921 484  2,792  40.48 

1922.. „ 870  4.460  24.68 

1923.^ 659  8,280  81.40 

1924 278  679  26.60 

1926 152  616  61.66 

1926™ 249  1,184  46.98 

1927^ 642  2.248  86.18 

192«._ Ill  418  20.48 

1929 ^.^ 101  455  46.28t 

*This  price  frc»n  July  of  the  ffiven  year  to  the  end  of  the  following  June.  Taken  from 
Yearbook  of  the  United  States  Department  of  Airriculture. 

t  Preliminary. 


POTATOES- AREA  PLANTED  AND    PRICE  PER 
ACRES 

900r 
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Cliart  4.  Area  planted  annually  to  potatoes  contrasted  with  the  U.  S. 
price  of  potatoes  on  farms.  Note  that  during  years  of  high  prices  few 
potatoes  were  planted  while  the  years  of  low  prices  are  associated  with 
large  potato  plantings. 
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The  relation  of  area  planted  to  the  price  is  clearly  seen  in  Chart  4. 
It  will  be  noted  that,  with  few  exceptions,  the  largest  acreage  is  asso- 
ciated with  low  price  and  low  acreage  with  high  price.  In  other  words, 
the  judgment  of  the  growers  in  attempting  to  adjust  their  acreage  to 
the  price  was  wrong  a  large  part  of  the  time. 

Instead  of  receiving  the  average  price  of  $33.60  per  ton,  the  potato 
growers  guessed  wrong  as  to  the  price  of  the  next  crop  more  than 
one-half  the  time  and  succeeded  in  getting  a  weighted  average  of  only 
$30.20.  If  they  had  been  able  to  estimate  correctly  the  trend  of  the 
future  market,  more  than  one-half  the  time  the  weighted  average  price 
received  would  have  exceeded  $33.60. 

CANTALOUPES 

Cantaloupes  became  sufficiently  important  to  be  included  in  the 
annual  census  for  the  first  time  in  1921,  when  a  total  area  of  129 
acres  was  reported.  The  area  was  expanded  to  over  500  acres  in  1924 
and  1925.  The  cantaloupe  association  met  with  marketing  difficuhies 
and  disbanded,  but  the  area  has  remained  between  220  and  320  acres 
in  recent  years.  The  production  of  this  crop  is  confined  to  relatively 
few  growers  who  have  been  able  to  obtain  a  fairly  dependable  market 
outlet.  The  weighted  average  yield  of  cantaloupes  on  the  Newlands 
Project  is  144  crates  per  acre,  while  the  weighted  average  yield  of  late 
cantaloupes  in  the  United  States  is  148  crates  per  acre. 

TABLE  VI 

Area  in  Cantaloupes  on  the  Newlands  Project,  1921-1929 

^ Pboduction * 

Year                                                                                              Acres  Total  crates  Crates  per  acre 
1921                                                         ..           ...       ...             129 

1922"I!"ZZ"""".." L.'ZLZ " 836  59,610  177 

1928 860  84.918  100 

1924 582  79,681  149 

1926 510  88.417  164 

1926 885  48.485  144 

1927 261  80,972  119 

1928 221  85.607  161 

1929 818  89.708  124 

THE  DAIBT  INDX7STBY 

The  number  of  dairy  cows  on  the  Newlands  Project  has  been  recorded 
since  1914.  The  record  of  other  dairy  cattle  begins  at  later  dates.  The 
available  figures  are  given  in  Table  VII. 

In  general,  there  has  been  a  steady  growth  of  the  dairy  industrj'. 
There  was  a  decline  in  numbers  in  1918  and  1919  which  resulted  from 
the  high  prices  for  hay  and  grain  received  during  the  war  period. 
From  1920  to  1927  there  was  again  a  steady  and  rapid  growth  of  the 
dairy  industry,  but  in  1928  and  1929  there  were  fewer  cows  on  the 
project  than  in  1927.  This  slight  depression  resulted  from  the  active 
demand  for  dairy  cows  in  southern  California.  It  is  estimated  that 
shipments  to  the  Los  Angeles  area  were  as  follows :  700  head  in  1927. 
1,917  head  in  1928,  and  about  1,000  head  in  1929. 

The  number  of  heifers  has  been  recorded  since  1922.  The  proportion 
of  heifers  to  cows  on  hand  in  the  fall  has  steadily  increased  from  44.5 ^r 
in  1922  to  68%  in  1928  and  1929.    This  is  explained  by  the  shift  of  the 
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dairy  cow  shipments  from  an  import  to  an  export  basis.  In  1922  the 
Newlands  Project  was  still  shipping  in  cows  to  feed  up  its  surplus  haj'. 
Consequently  the  proportion  of  heifers  to  cows  was  much  lower  than 
during  the  last  two  years  when  large  numbers  of  cows  were  exported, 
leaving  a  greater  proportion  of  heifers. 

In  bulls  the  trend  is  toward  fewer  grade  animals  and  more  registered. 
In  1929  the  records  show  a  total  of  143  grade  and  191  registered  bulls. 


TABLE  Vn 

Number  of  Dairy  Cattle  by  Classes,  Newlands  Project,  1914-1929 


Year  Cows        Heifers 

1914 1,503 

1916 2,488 

1916 2,587 

1917 2.044 

1918 1.895 

1919 - 1.850 

1920„ 2,072 

1921 8.597 

1922 3.457  1,584 

1923 '. 4.221  2.386 

1924 4,712  2,664 

1926 4.932  2.864 

1926 5,341  3,182 

1927 6,486  3,628 

1928 4.890  8.816 

1929 4,911      •     8,838 
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Chart  5.    Graph  showing  the  number  of  cows  on  the  Newlands 
and  the  average  XT.  S.  farm  price  of  butterf at  for  1914  to  1929. 


2  i 

Project 


Of  the  601  farms  on  the  project  in  1929,  only  455  reported  posses- 
sion of  one  or  more  dairy  cows.  It  would  appear  from  this  that  24% 
of  the  farms  of  the  project  are  without  any  dairy  cows. 

In  Table  VIII  the  farms  are  grouped  according  to  the  size  of  the 
herds.  About  one-half  the  farms  on  the  project  have  less  than  6  cows 
per  herd.  More  than  half  the  cows  of  the  project  are  on  farms  having 
from  6  to  20  cows  per  herd. 

More  cows  are  found  in  the  group  indicating  a  herd  size  ranging 
from  11  to  15  cows  than  in  any  other  size  of  group.  Only  15  herds  in 
the  project  contained  more  than  30  cows  in  1929. 
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TABI.E  Vm 
Dairy  Cows  on  Newlands  Project,  1929;  Dairy  Heifers  not  Included 

Size  of  Averasre  iram-        Number  of        Number  of        Number  of  cows 

herd                                                    berofcows  herds  cows  Per  Cent 

Cows                                                        per  herd  Total  Tolul  ufToUl 

0    0  146                           0  0 

1-  6    2.6  161                       421  8.7 

6-10    8.1  117                       948  19.6 

11-16    12.8  82  1,068  2L8 

16-20    18.4  46  •                     829  17.1 

21-26    28.0  16                       867  7.6 

26-80    29.6  19                       661  11.6 

81-86    84.0  6                       206  4.1 

86-40    88.7  8                       116  2.4 

41-60    47.0  6                       285  4J 

61-up   102.0  1                       102  2.1 

ToUta    8.0  601  4.887«  109.0 

*74  cows  on  the  Indian  Reservation  and  on  the  Experiment  Farm  were  omitted  from  the 
above  table  which  makes  a  complete  total  of  4,911  cows. 

Average  Production  per  Cow 

The  amount  of  butterfat  sold  from  farms  of  the  project  in  1929,  as 
reported  in  the  project  census,  was  995,133  pounds.  The  combined 
purchases  reported  by  five  creameries,  which  handled  over  99%  of 
all  the  cream  sold,  amounted  to  1,094,096  pounds.  The  estimates  made 
by  the  farmers  were  about  9%  less  than  the  amount  of  butterfat  actu- 
ally sold. 

The  actual  number  of  pounds  of  butterfat  produced  per  cow  is  always 
of  interest,  as  it  serves  as  an  index  of  the  efficiency  of  the  cows  of  the 
project.  The  pounds  of  butterfat  produced  divided  by  the  avera^ 
number  of  cows  in  1929  (4,900)  indicates  average  sales  per  cow  of  223 
pounds.  This  is  not  the  total  amount  of  butterfat  produced  per  cow, 
as  some  is  always  used  on  the  table  and  for  feeding  live  stock.  The 
amount  so  used  varies  widely  on  different  farms,  but  in  the  cost  of  pro- 
duction studies  conducted  by  this  department  it  was  found  that  the 
average  amount  so  used  was  about  8%  of  the  total  production.  If 
this  figure  be  accepted,  then  223  pounds  per  cow  represents  92%  of 
the  total  amount  produced,  which  would  be  242  pounds. 

On  farms  having  five  cows  or  less,  the  home  consumption  of  butter 
will  exceed  8%  of  the  total  amount  produced,  and  for  this  reason  it  is 
probable  that  the  average  total  production  per  cow  slightly  exceeds 
242  pounds.  This  is  an  excellent  showing  in  view  of  the  fact  that  this 
production  is  obtained  practically  on  roughage  crops  alone,  since  almost 
no  grain  is  fed  to  dairy  cows  on  the  Newlands  Project. 

Other  Cattle 
The  number  of  other  cattle  reported  in  the  annual  census  has  shown 
wide  fluctuations.  Previous  to  1922  the  number  of  cattle  was  divided 
into  only  two  classes,  milking  cows  and  all  other  cattle.  Since  1922 
the  number  of  dairy  heifers  and  dairy  bulls  has  been  reported  sepa- 
rately. The  number  on  hand  at  the  time  the  project  census  is  taken 
does  not  always  truly  represent  the  number  coming  in  for  fall  or  winter 
feeding.  The  time  when  the  beef  cattle  are  brought  in  for  winter  feed- 
ing varies  widely  according  to  season,  since  the  weather  and  ranire 
conditions  influence  the  time  they  may  be  kept  on  the  open  range. 
However,  the  general  trend  may  be  seen  by  the  number  reported  in 
Table  IX  and  as  shown  in  Chart  6. 
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The  number  of  cattle  other  than  dairy  cows  reported  on  farms  of 
the  Newlands  Project  each  year  is  as  follows : 

TABLE  IX 
Kamber  of  Other  Cattle  on  Farms  of  the  Newlands  Project,  1914-1929 


-NUMBBR- 


Year  Number 

1914 4,640 

1916 6,967 

1916 7.802 

1917 7.681 

1918 8,889 

1919 6,778 

1920 7,428 

1921- 6,782 


Year  Beef 

1922 4,601 

1928 4,266 

1924 4.889 

1926 4.668 

1926 6.052 

1927 2,802 

1928 8.148 

1929 2,909 


Heifen 
and  bulls 
1,681 
2,617 
2.961 
8.262 
8,666 
8.871 
8.661 
8.672 


Total 
6,282 
6.788 
7.860 
7.916 
9.618 
6.678 
6.809 
6.681 


NUMBER  OF  CATTLE  AND  PRICE  OF  BEEF 


Chart  6.  Chart  sihowing  the  annual  number  of  cattle  on  farms  of  the 
Newlands  Project  and  the  average  U.  S.  farm  price  of  beef.  The  numbers 
include  beef  animals^  dairy  heifers  and  bulls.  The  number  of  dairy  heifers 
was  not  obtained  separately  until  1922. 

SWINE 

The  production  of  hogs  on  the  Newlands  Project  is  not  an  important 
enterprise  at  the  present  time.  Only  2,500  hogs  were  counted  in  the 
project  census  in  1929,  while  the  average  number  for  the  past  16  years 
was  3,050.  In  1916  the  number  on  the  project  exceeded  6,000,  but 
dropped  off  to  less  than  2,000  in  1921.  The  number  of  hogs  reported 
on  the  project  in  the  annual  district  census  from  1914  to  1929,  together 
with  the  average  United  States  price  on  the  farm,  is  given  in  Table  X 
and  is  shown  graphically  in  Chart  7. 
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TABLE  X 

Number  of  Hogs  on  the  Kewlands  Project  from  1914  to  1929,  and  the  Avera^ 

Chicago  Price  Each  Year 

ATeragc 
price  per  lb. 

Year                                                                                   Number  Cento 

1914 8,515  8-1 

1916 4.886  7.1 

1916 6.092  9.6 

1917 8,170  15.1 

1918 8,348  17.5 

1919 8.048  17.9 

1920 2.211  18^ 

1921 1,798  8,6 

1922 8,214  9.2 

1928 2,975  9.6 

1924 2.296  8.1 

1926 1,972  11.8 

1926 2.265  12.8 

1927 8,446  10.0 

1928 2.698  9.2 

1929 2,500  9.5 
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Chart  7.    Graph  showing  number  of  hogs  on  the  Kewlands  Project  and 
the  average  Chicago  price  from  1914  to  1929.    From  XT.  S.  D.  A.  Yearbook. 

SHEEP 

The  number  of  sheep  on  the  Newlands  Project  in  1929  was  12,100. 
The  number  reported  when  the  census  is  taken  may  not  give  a  true 
representation  of  the  number  raised  and  fed  by  the  project  farmers 
during  the  year.  The  census  is  taken  at  a  time  when  sheep  are  usually 
being  brought  in  from  the  ranges  for  winter  feeding,  and  the  numbers 
reported  represent  the  number  on  hand  when  the  census  Ls  taken.  How- 
ever, the  report  probably  represents  in  a  general  way  the  trend  of  the 
numbers  being  fed. 

The  number  of  sheep  and  the  average  United  States  price  of  wool 
and  lambs  are  given  in  Table  XI  and  shown  graphically  in  Chart  8. 
When  the  fluctuations  are  disregarded  it  will  be  seen  from  the  chart 
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that  there  has  been  a  steady  increase  in  the  number  of  sheep  on  the 
project  since  1914.  It  is  interesting  to  note  on  the  chart  that  up  to 
1924  the  number  of  sheep  was  low  during  periods  of  high  prices  and 
high  during  periods  of  low  prices. 

No  record  is  available  of  the  number  of  sheep  brought  into  the 
project  by  nonresident  sheep  men  for  fall  pasture  and  winter  feeding 
on  alfalfa  hay. 

Only  98  farmers  out  of  601  had  sheep,  but  57  per  cent  of  the  sheep 
were  in  the  hands  of  seven  farmers  who  had  flocks  exceeding  500  head. 
About  27  per  cent  of  the  sheep  were  in  flocks  ranging  in  size  between 
100  and  500  head,  leaving  only  16  per  cent  in  small  farm  flocks  of  less 
than  100  head. 

There  appears  to  be  a  direct  relationship  between  the  size  of  the 
farm  and  the  number  of  sheep.  More  than  half  the  sheep  on  the  project 
are  on  eleven  farms  having  more  than  160  acres  of  irrigated  land  per 
farm. 

TABLE  XI 


S. 


Number  of  Sheep  on  Farms  in  the  Newlands  Project  and  the  Average  XT. 

Farm  Price  of  Sheep,  Lambs  and  Wool  from  1914  to  1929 

,, Average  U.  S.  Price > 

Sheep  Lambs  Wool 

Ye&r                                                                                Number            Dollars  Dollars  Cents 

1914 1.981                   4.79  6.49  17.7 

1915 4.710                   6.27  7.88  22.8 

1916 5,452                   6.29  9.50  27.9 

1917 8.846                   9.45  18.60  47.8 

1918 8.560                 10.95  18.65  57.9 

1919 8.847                   9.68  18.05  50.3 

1920 4.611                  8.51  9.41  89.1 

1921 7.707                   4.65  7.88  16.4 

1922 7.961                   5.96  10.80  29.8 

1923.^ 7.286                   6.65  10.64  88.9 

1924 4.624        6.81  11.45  86.9 

1926 12.807        7.70  11.98  88.5 

1926 7.980        7.48  11.86  82.5 

1927 7.280        7.26  11.76  80.7 

1928.. 9.481        7.68  12.81  36.7 

1929 12.100                   7.55  10.65  80.9 
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Chart  8.    Graph  showing  number  of  sheep  on  the  Newlands  Project  and 
the  U.  S.  average  farm  price  of  wool,  sheep  and  lambs. 
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TURKEYS 

Turkey  production  in  the  Newlands  Project  was  ^t  first  stimulated 
by  the  World  War,  but  after  the  entry  of  the  United  States  into  the 
war  the  number  of  turkeys  declined  until  1919  when  only  3,442  were 
reported.  After  that  date  the  number  on  the  project  increased  to 
27,254  in  1923,  dropped  to  20,429  in  1925,  and  again  increased  to 
57,594  in  1928.  The  lower  prices  received  in  1928  caused  another 
reduction  in  numbers  the  following  year,  when  46,840  were  reported. 

TABI.E  Xn 

Number  of  Turkeys  on  the  KewlandB  Project,  1914-1929,  and  the 

United  States  Farm  Price 

Number 
of 
Year  turkeys 

1914 6,972 

1916 12.000 

1916 16,289 

1917 : 9,042 

1918 4,746 

1919„ 8,442 

1920 8,624 

1921 4,884 

1922 12.100 

1928 27.254 

1924 22,416 

192B 20,429 

1926 80.618 

1927 47,898 

1928 67,594 

1929 46,840 

U.  S.  Farm  price  taken  from  Crops  and  MarkeU  issued  by  tbe  U.  S.  Department  of  Afri- 
culture.  The  price  shown  is  the  average  eacb  year  for  the  montbs  of  November,  Deeember 
and  January. 

TURKEY    PRODUCTION    AND    PRICES 
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Chart   9.    Graph   showing  the   nunher   of  turkeys   on   the   Newlands 
Project  and  the  U.  S.  average  farm  price  ftom  1914  to  1929. 
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The  number  of  turkeys  on  the  Newlands  Project  each  year  from  1914 
to  1929  is  shown  in  Table  XII  and  Chart  9,  together  with  the  United 
States  average  farm  price.  It  seems  that  from  1916  to  1919  the  prices 
of  other  farm  commodities  were  so  high  that  the  number  of  turkeys 
produced  steadily  declined  in  spite  of  rising  prices.  After  the  drastic 
fall  in  prices  of  most  farm  products  in  1920  and  1921,  the  number  of 
turkeys  raised  began  to  increase  again  and  reached  the  high  point  in 
1928,  when  nearly  60,000  birds  were  raised  on  the  project. 

The  prices  used  for  comparison  with  production  are  the  average 
prices  received  on  farms  of  the  United  States  for  the  months  of  Novem- 
ber, December  and  January  of  each  year.  The  actual  average  prices 
received  by  local  growers  would  have  been  preferable,  but  were  not 
available  for  the  earlier  years.  It  is  probable  that  the  actual  prices 
received  followed  the  same  general  direction  as  the  curve  of  average 
prices  for  the  United  States.  It  appears  that  the  average  United  States 
farm  price  must  exceed  30  cents  in  order  to  hold  production  of  turkeys 
in  the  Newlands  Project  to  a  maximum. 

Turkeys  as  well  as  dairy  cows  are  found  in  greatest  number  on  the 
smaller  farms  of  the  project.  There  were  only  17  farms  out  of  a  total 
of  367  where  the  number  of  turkeys  exceeded  400.  Nearly  one-fourth 
of  the  turkeys  were  grown  in  flocks  containing  between  100  and  200 
birds,  while  26  per  cent  were  in  flocks  containing  less  than  100  turkeys. 
Nearly  79  per  cent  of  the  turkeys  were  grown  on  farms  having  less  than 
80  irrigated  acres  of  land,  indicating  that  the  small  farmers  are  pro- 
ducing the  bulk  of  the  turkey  crop. 

CHIOKBKS 

The  lowest  number  of  chickens  on  farms  of  the  Newlands  Project 
was  reported  in  1918  when  there  were  only  20,220  on  hand.  The 
highest  number  was  reported  nine  years  later  in  1927  when  the  census 
showed  94,931  on  hand.  The  average  price  for  eggs  was  unusually  low 
that  year,  which  caused  a  reduction  in  the  number  of  chickens  in  1928 
to  75,000.  Since  1918  there  has  been  a  fairly  consistent  increase  in 
the  number  of  chickens  in  the  project. 

In  Table  XIII  is  shown  the  number  of  chickens  on  the  Newlands 
Project  and  the  average  United  States  price  on  farms  of  chickens  and 
eggs  from  1914  to  1929,  inclusive.  These  numbers  and  prices  are  also 
shown  graphically  in  Chart  10. 

The  small  farms  containing  less  than  five  irrigated  acres  of  land  had 
the  largest  size  flocks,  the  15  flocks  in  this  group  averaging  382  hens 
per  flock.  On  farms  larger  than  this  there  was  apparently  no  relation- 
ship between  the  size  of  farms  and  the  average  size  of  flocks.  It  appears 
from  the  census  that  there  are  68  farms  on  the  project  without  chickens. 
In  the  421  flocks,  the  average  number  of  laying  hens  per  flock  was  135. 

The  estimated  sales  of  eggs  in  1929  were  14,539  cases  or  93  eggs 
per  laying  hen.  Even  when  due  allowance  is  made  for  the  average 
number  of  eggs  used  per  family,  the  average  production  per  hen  was 
less  than  nine  dozen  eggs.  This  is  somewhat  too  low  for  profitable  egg 
production. 
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TABLE  Xm 

Number  of  Chickens  on  Farms  of  the  Kewlands  Project  and  U.  S.  Average 

Price  on  Farms  from  1914  to  1929,  Inclusive 

^— U.  S.  AVBRAGE  PRICE-^ 

Year  Number  Chickens*  !*»* 

1914 27,899  11.5  19.S 

1915 22,912  12.0  19.0 

1916 29,270  14.6  23.3 

1917 24.056  18.4  83.0 

1918 20,220  28.0  34.9 

1919 25,932  24.2  41.8 

1920 28.780  22.8  89J 

1921 28,682  19.8  25.8 

1922 44,181  18.2  24.7 

1928 46,240  18.3  26.2 

1924 49.896  19.2  26.1 

1925 54.883  20.7  28.3 

1926 70,682  20.7  27.5 

1927 94,981  19.8  24.2 

1928 76,000  22.1  27.4 

1929 81.884  21.0  82.1 

*  Prices  of  chickens  are  averaj^es  from  Juiy  of  year  ^ven  to  following  July. 

tEgg  prices  are  averages  from  April  of  year  given  to  following  ApriL 


NUMBER  OF  CHICKENS 
AND 
PRICE  OF  EGGS  AND  CHICKENS 


Chart  10.    Graph  showing  number  of  chickens  on  the  Newlands 
and  the  average  XT.  S.  farm  price  of  chickens  and  eggs. 


BABBITS 

The  production  of  rabbits  within  the  project  has  recently  increased 
to  a  point  where  the  industry  is  of  economic  importance.  In  1929  a 
total  of  17,604  rabbits  was  reported  on  113  of  the  601  farms.  Flocks 
smaller  than  25  rabbits  were  most  numerous,  but  58%  of  the  total 
number  are  in  five  flocks,  containing  more  than  500  head  in  each.  One- 
fourth  of  the  rabbits  are  on  farms  having  less  than  five  acres  of  irri- 
gated land.    Farms  larger  than  120  acres  have  few  rabbits. 
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HOBSES  AND  MUI.ES 

The  number  of  horses  and  mules  on  farms  of  the  project  reached  its 
maximum  in  1921,  when  4,038  were  reported,  but  since  that  time  there 
has  been  a  general  downward  trend  in  numbers.  During  the  war  period 
new  land  was  steadily  being  brought  into  cultivation  as  a  result  of  the 
stimulation  of  high  prices  paid  for  all  farm  produce.  This  preparation 
of  new  land  required  more  than  the  usual  amount  of  horse  power.  Since 
1920  there  has  been  no  general  development  of  new  land  and  less  power 
has  been  necessary  to  farm  the  lands  already  in  cultivation. 

As  a  result,  the  number  of  acres  farmed  per  horse  has  increased 
rather  slowly  up  to  1924,  but  more  rapidly  since  that  date.  Probably 
very  little  of  this  reduction  in  the  number  of  horses  required  is  due 
to  the  increased  use  of  tractors  in  the  Newlands  Project,  although  the 
replacement  of  horses  by  tractors  is  one  of  the  main  causes  of  the 
reduction  in  the  number  of  horses  in  some  other  parts  of  the  United 
States. 

TABLE  XIV 

Horses  and  Mules  on  Newlands  Project  and  Number  of 

Irrigated  Acres  per  Animal 

Hones  Cultivated 
and  mules  area 

Year  Number  Acres 

1914 8,488  27.261 

1915 8.780  27.058 

1916 8,911  27.086 

1917 8.467  29.421 

1918 8,784  88.284 

1919 8,682  85.219 

1920 8,875  86,722 

1921 4.088  86.768 

1922 8.780  86,151 

1928 8.822  86.781 

1924 : 8.818  87,988 

1926 8.897  87,986 

1926 „ 8.814  89.598 

1927 8.874  40.826 

1928 8,164  40,608 

1929 2,757  89.581 
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Chart  11.    Average  number  of  horses  and  mules  on  the  Newlands  Project 
and  the  number  of  acres  of  cultivated  crops  per  animal. 
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BEES 

Reported  stands  of  bees  have  never  exceeded  3,000  in  the  history  of 
the  census.  The  lowest  number  reported  was  1,267  in  1922,  and  the 
highest  number  was  2,983  stands  in  1921.  In  1916,  1921  and  1925  the 
number  of  stands  exceeded  2,900.  Honey  sales  reported  in  1929  were 
135,385  pounds.  The  number  of  stands  of  bees  reported  each  year  from 
1914  to  1929  are  given  in  Table  XV. 

TABLE  ZV 
Kamber  of  Stands  of  Bees  on  the  Kewlands  Project^  1914-1929 

Year  Number  Ye«ur  Number 

1914 1,621  1922 1 .267 

1916 2,600  1928 2.802 

1916 2,958  1924 2.249 

1917^ 1,988  1925 2,918 

1918 1.689  1926 2.607 

1919 2,821  1927 2.722 

1920 2,688  1928 2.898 

1921 2.988  1929 2,148 

MISCELLANEOUS  LIVE  STOCK 

While  of  negligible  economic  importance  now,  it  is  of  statistical  inter- 
est to  note  that  the  1929  census  included  one  registered  stallion,  34 
goats,  18  skunks  and  10  foxes. 

NUMBER  OF  FARM  UNITS  ON  NEWLANDS  PROJECT 

In  1929  the  number  of  farms  reported  in  the  census  was  691,  but 
this  figure  included  about  90  units  which  were  operated  by  farmers 
living  on  other  farm  units.  If  the  definition  of  a  farm  used  by  the 
United  States  Census  Bureau  is  adopted,  then  there  were  about  601 
farms  on  the  project  in  1929.  The  same  holds  true  for  previous  years, 
so  that  the  number  of  farm  units  reported  is  somewhat  greater  than  the 
actual  number  of  farmers  and  farm  operators.  The  farm  units  shown 
by  the  annual  census  schedules  may  be  used  to  show  trends  in  the 
number  of  units  farmed.  A  reduction  in  the  number  of  units  reported 
does  not  necessarily  mean  that  some  farms  have  been  abandoned,  but 
may  indicate  the  consolidation  of  certain  farms  with  others. 

If  the  number  of  farms  operated  by  single  individuals  or  firms  had 
been  counted,  this  trend  toward  consolidation  could  have  been  much 
more  accurately  determined.  In  almost  every  part  of  the  United  States 
there  has  been  a  trend  towards  larger  farms  by  the  consolidation  of 
two  or  more  farms,  and  it  would  be  of  interest  if  this  tendency  could 
have  been  charted  for  the  Newlands  Project. 

In  Table  XVI  is  shown  the  number  of  farm  units  reported  by  the 
census  from  1912  to  1929,  with  schedules  of  the  whites  and  Indians 
reported  separately  when  the  figures  were  available.  The  actual  num- 
ber of  farm  families  or  operators  will  be  somewhat  less  than  the  figures 
given,  since  more  than  one  farm  unit  is  operated  by  some  of  the  farmers. 
The  maximum  number  of  farm  units  was  reported  in  1921,  1922,  and 
1923.    The  results  are  shown  graphically  in  Chart  12. 
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TABLE  XVI 
Total  Number  Farm  Units,  1912-1929 

Namber  operated  Number  operated 

Tear                                                                  Total  number              by  Indians  by  whites 

1912* 497 

1918* 494 

1914* 604 

1916„ 671                               65  606 

1916 584                               64  620 

1917 600                               62  648 

1918 648                               68  696 

1919 694                               62  682 

1920 742                               61  691 

1921 788                               68  726 

1922 778                               69  719 

1928 788                               64  724 

1924 762                                 T  ? 

1926 761                               66  706 

1926 787                               66  681 

1927 T                                ?  ? 

1928 681                                 1  680 

1929 694                                 1  698 

*1912,  1913  and  1914 — If  counted,  the  Reservation  was  on  one  schedule  only. 

NUMBER  OF  FARM   UNITS  ON   NEWLANDS  PROJECT 

^INDIANS 


WHITES 


Cliart  12.  Graph  showing  the  number  of  farm  units  on  the  Kewlands 
Project,  1912-1929.  One  farmer  may  operate  more  than  one  farm  unit  so 
that  the  actual  number  of  farms  is  slightly  less  than  shown  in  the  chart. 
The  number  of  Indian  units  was  not  given  for  the  years  1912,  1913,  1914, 
1924,  1927,  1928  and  1929. 
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TABLE  XVn 
Distribution  of  Size  of  Farm  Units  in  1929.    Oommunity  Pasture,  XX. 
Experiment  Farm,  and  Indian  Units  Are  Not  Included 


SnsB  OP  Farm  Unit ^ 

Total  ntmber 

Ransre  in 

Average  size 

Number  of 

of 

-isated  acres 

Acres 

farm  units 

irrigated  acres 

1-     6 

1.5 

82 

48 

5-  10 

8 

81 

251 

10-  20 

16 

72 

1,182 

20-  80 

26 

92 

2.404 

80-  40 

86 

109 

8,908 

40-  60 

51 

162 

7.729 

60-  80 

74 

93 

6,882 

80-120 

97 

49 

4.761 

120-160 

149 

82 

4.868 

160-820 

249 

17 

4,247 

820    up 

915 

12 

10.972 

691  46,682 

In  Table  XVII  is  shown  the  distribution  of  the  farm  units  aecordin? 
to  size.  Ninety  of  these  units  were  farmed  as  part  of  the  other  601 
units,  so  that  there  is  a  slight  shift  toward  the  larger  farm  imits. 

The  units  containing  less  than  10  irrigated  acres  contain  manr 
divisions  of  land  made  subsequent  to  the  original  settlement.  Most  of 
these  smaller  units  are  situated  near  town  and  are  operated  by  part- 
time  workers  or  by  rabbit  and  poultry  men,  who  concentrate  their 
efforts  on  a  small  area  and  buy  most  of  their  feeds. 

Records  are  not  available  to  show  the  changes  that  have  taken  place 
in  the  operating  size  of  farms  since  the  project  was  first  settled,  but  the 
fact  that  the  number  of  farm  families  has  decreased  since  1923  indicates 
that  a  consolidation  of  some  farms  has  taken  place  which  would  result 
in  an  increase  in  the  operating  size. 

POPUUITION 

The  farm  population  of  whites  and  Indians  is  given  in  Table  X\UI 
and  Chart  13.  The  white  population  showed  an  increase  until  1921 
since  then  there  has  been  a  decline  in  farm  population,  such  as  has 
taken  place  generally  throughout  the  United  States  during  the  same 
period.  In  1929  there  was  an  average  of  four  persons  per  white  farm 
family  on  the  project,  when  the  permanent  hired  help  are  included  as 
part  of  the  farm  family. 

TABLE  XVm 
Total  Population  Separated  into  Indians  and  Whites,  1913-1929 

Totol 

Year                                                                                                           population  IndiaLiu  Wbitct 

1918 1.636 

1914 1.867  200  IM' 

1916 1.986  166  l.fil 

1916 2.022  185  1.887 

1917 t 2.197  149  tW8 

1918 2.268  172  tW« 

1919 2.386  208  tl» 

1920 2.628  172  tttl 

1921 2.662  268  2.SM 

1922 2.754  185  2.5» 

1928 » 2.787  289  2,4« 

1924 2,668  874  2JM 

1925 2,549  264  U«5 

1926 2.616  260  2.W 

1927 2.637  T  ? 

1928 2.471  260  tJUl 

1929 2.664  145  2,40* 
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Chart  13.  Graph  showing  population  on  farms  of  the  Newlands  Project 
1913  to  1929.  White  and  Indian  population  were  not  segregated  in  1913 
and  1927. 

TENANCY 
A  rapid  rise  in  tenancy  has  taken  place  since  1910  as  indicated  by 
records  of  the  United  States  census  and  the  project  records.  The  fol- 
lowing percentages  for  1910  and  1920  are  taken  from  the  United  States 
census  reports  for  Churchill  County  for  those  years  and  the  other  per- 
centages are  from  the  project  schedules : 
Year 

1910 

1920 

1924 

1928 

1929 


Ten  unci/ 
..  0.8% 
..  7.8% 
..  12.1% 
..  22..S% 
..  31.1% 


Very  little  increase  in  land  tenancy  occurred  up  to  1920,  but  since 
that  date  the  change  has  been  going  on  at  a  rapid  rate.  Six  per  cent 
increase  occurred  between  1928  and  1929. 

Of  the  601  families  resident  on  the  project  in  1929,  137  or  23'7f  were 
tenants.  It  is  interesting  to  note  that  this  23%  of  the  farm  families 
operated  14,502  acres  or  over  30%  of  the  irrigated  acreage,  indicating 
that  the  larger  farms  are  passing  into  tenant 's  hands  more  rapidly  than 
are  the  smaller  ones. 
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TABLE  XXI 

Number  of  Live  Stock  on  Farm  Units  of  the  Several  Size  Groups, 

Newlands  Project,  1929 


Size  of 

farm  unit 

Irrigated 

LayinsT 

acres 

Cows 

Turkeys 

Hosts 

hens 

Sheep 

Rabbits 

0-     5 

28 

717 

3 

6.725 

5 

6.280 

5-  10 

48 

943 

31 

8.084 

1 

193 

10-  20 

198 

8.418 

60 

2.717 

157 

1,685 

20-  80 

475 

4.660 

190 

10.662 

187 

688 

80-  40 

705 

7.130 

187 

4.767 

741 

1.S65 

40-  60 

1,110 

10.359 

420 

9.467 

1.228 

8.6a4 

60-  80 

881 

7.837 

858 

10.015 

1.264 

422 

80-120 

621 

6.002 

294 

4,592 

2.239 

3,250 

120-160 

&68 

2.543 

129 

1,474 

180 

0 

160-320 

228 

499 

207 

8.249 

1,690 

97 

320- up 

185 

866 

583 

971 

4,899 

0 

Total*  4.887  44.464  2.462  56.713  12.086  17,509 

♦Totals  do  not  include  Community  Pasture.  Indian  Reservation  or  Experiment  Farm. 

TABLE  XXn 

Per  Cent  of  Live  Stock  on  Farms  of  the  Different  Size  Groups, 

Newlands  Project,  1929 


Size  of 

farm  unit 

Irrigated 

Dairy 

•Laying 

acres 

cows 

Turkeys 

Hoflrs 

hens 

Sheep 

Rabbits 

0-     5 

0.5 

1.6 

0.1 

10.0 

0.1 

35.9 

5-  10 

1.0 

2.1 

1.2 

5.6 

0.0 

1.1 

10-  20 

4.1 

7.7 

2.4 

4.8 

1.3 

9.1 

20-  80 

9.8 

10.4 

7.7 

18.7 

1.5 

8.9 

80-  40 

14.6 

16.0 

7.6 

8.4 

6.1 

7.8 

40-  60 

28.0 

28.3 

17.1 

16.6 

10.1 

20.7 

60-  80 

18.2 

17.7 

14.5 

17.6 

10.4 

2.4 

80-120 

12.9 

18.5 

12.0 

8.1 

18.6 

18.6 

120-160 

7.6 

5.7 

5.2 

2.6 

1.5 

0.0 

160-320 

4.6 

1.2 

8.4 

5.7 

14.0 

0.6 

820- up 

8.8 

0.8 

23.8 

2.0 

86.5 

0.0 

Total 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


SUMMARY  AND  CONCLUSIONS 

The  records  which  have  been  presented  show  the  development  of  the 
various  farm  enterprises  of  the  Newlands  Project  from  1912  to  the  end 
of  1929.  They  show  how  the  prices  received  for  the  various  farm  prod- 
ucts aifect  the  quantity  produced  and  the  type  of  farming  that  is  car- 
ried on.  It  is  apparent  that  the  type  of  farming,  the  area  planted  to 
the  different  kinds  of  crops,  and  the  number  of  each  kind  of  live  stock 
are  not  permanently  fixed.  In  fact  all  these  enterprises  are  so  markedly 
influenced  by  prices  received  that  there  is  from  year  to  year  a  constant 
variation  in  production. 

The  effect  of  prices  on  the  quantity  of  any  commodity  produced  is 
not  always  apparent  from  the  tables  and  charts  for  the  reason  that  the 
prices  of  one  commodity  may  influence  the  production  of  others.  For 
instance,  the  number  of  dairy  cows  on  the  project  bears  a  close  inverse 
relationship  to  the  price  of  alfalfa  hay.  A  high  price  for  alfalfa  hay 
is  associated  with  a  reduction  in  the  number  of  dairy  cows,  while  a  low 
price  for  alfalfa  hay  leads  to  an  increase  in  the  number  of  cows  or  other 
live  stock. 

These  adjustments  made  by  farmers  because  of  price  fluctuations 
frequently  result  in  smaller  profits  than  if  no  attempt  at  adaptation 
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had  been  made.  A  most  outstanding  example  of  this  is  shown  by  the 
lluetuations  in  the  potato  acreage  illustrated  in  Chart  4,  where  it  will 
be  seen  that,  almost  invariably,  low  prices  were  associated  with  large 
plantings  and  high  prices  with  small  plantings.  The  livestock  charts 
show  similar  maladjustments,  but  with  live  stock,  except  poultry,  the 
effect  of  price  is  somewhat  more  difficult  to  observe  than  it  is  with 
annual  crops,  for  the  reason  that  there  is  always  a  greater  lag  between 
the  price  of  live  stock  or  of  livestock  products  and  the  resulting  effect 
on  the  number  of  head  than  there  is  with  annual  crops.  A  farmer 
cannot  quickly  react  to  increased  prices  of  dairy  products  or  of  beef 
cattle,  and  several  years  may  elapse  before  high  prices  can  have  a 
marked  effect  on  the  quantity  produced.  On  the  other  hand,  a  sudden 
drop  in  prices  may  result  in  an  immediate  reduction  in  numbers.  In 
the  case  of  most  live  stock,  farmers  can  quickly  adjust  themselves  to 
price  reductions,  but  they  need  several  years  to  build  their  herds  up 
in  response  to  price  increase. 

Economic  changes  have  a  more  marked  effect  upon  the  size  of  flocks 
of  chickens  and  turkeys  than  they  do  upon  the  size  of  herds  of  the  slow 
breeding  animals.  In  h,  relatively  short  time  the  size  of  flocks  may  show 
the  effect  of  price  changes.  On  the  chicken  and  turkey  charts  one  can 
find  a  niunber  of  interesting  examples  of  adaptation  of  numbers  of 
birds  to  the  average  prices  of  the  previous  year. 

These  adaptations  in  the  number  of  acres  grown,  or  in  the  size  of 
herds  or  flocks,  are  invariably  made  as  the  result  of  prices  in  the  past 
rather  than  from  the  viewpoint  of  the  prices  that  may  be  received  in 
the  future. 

There  is  every  reason  now  why  the  more  intelligent  producers  of 
farm  crops  should  get  this  newer  viewpoint  and  change  the  size  of 
their  various  enterprises — not  in  accordance  with  prices  that  have 
been,  but  in  accordance  with  prospects  of  future  markets.  The  out- 
look reports  now  published  at  frequent  intervals  by  the  Bureau  of 
Agricultural  Economics  make  this  possible,  and  those  who  use  these 
forecasts  should  be  able  to  adjust  their  enterprises  somewhat  in 
accordance  with  the  prices  that  are  to  come. 

Still  too  much  of  this  opportunistic  grasping  for  immediate  gains 
is  not  beneficial  either  to  the  individual  farmers  or  to  the  project. 
Jumping  in  and  out  of  live  stock  to  catch  peak  prices  is  a  costly  game. 
Farmers  do  not  always  take  into  consideration  the  high  overhead  cost 
burden  that  results  from  changes  in  their  system  of  farming. 

One  cause  of  price  extremes  will  be  minimized  when  farmers  as  a 
group  lay  their  plans  on  the  basis  of  a  long  time  outlook  for  their 
products,  and  do  not  completely  abandon  enterprises  during  low  points 
of  the  price  cycle.  For  the  dairyman,  a  high  hay  price  and  a  low 
butterfat  price  offer  a  profitable  time  to  cull  the  herd,  for  at  such 
times  the  excess  feed  can  be  sold  at  a  good  profit.  Culling  so  improves 
the  foundation  qualities  of  the  herd  that  when  it  is  again  built  up  it 
will  be  more  efficient  than  before.  Disposal  of  the  entire  dairy  herd 
because  of  a  year  or  two  of  unfavorable  prices  usually  proves  to  be 
unwise  when  judged  from  the  experience  of  the  past  or  the  outlook  for 
the  future. 

During  the  past  decade  there  has  been  little  change  in  the  size  of  the 
Newlands  Project.  Practically  no  development  of  new  lands  has  taken 
place,  but  there  has  been  a  trend  toward  greater  intensification.    The 
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number  of  chickens,  turkeys  and  dairy  cows  has  so  greatly  increased 
that  the  total  value  of  the  agricultural  commodities  produced  is  greater 
than  it  was  ten  years  ago.  In  this  connection  it  is  well  to  remember 
that  during  this  period  agricultural  development  has  been  at  a  stand- 
still in  the  United  States  as  a  whole,  and  that  many  irrigation  projects 
are  in  financial  distress.  That  the  Newlands  Irrigation  Project  has  been 
able  to  show  some  progress  during  this  long  period  of  agricultural 
depression  indicates  that  it  is  economically  on  a  sound  basis. 

In  line  with  changes  taking  place  in  all  parts  of  the  United  States,  it 
is  interesting  to  note  that  on  the  Newlands  Project  there  has  been  a 
tendency  towards  a  consolidation  of  farms  and  an  increase  of  tenancy. 
The  trend  of  farm  population  has  been  slightly  downward  since  1923 
without  any  decrease  in  the  cultivated  area,  which  also  is  in  line  with 
trends  over  the  country  as  a  whole. 
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PAGE 

Automobile  Account 14 

The  cost  of  running  automobiles  was  $1.07  for  every 
gallon  of  gasoline  consumed. 

Board  and  Lodging  Account 17 

Board  and  lodging  cost  was  $1.33  per  day.  Board  and 
lodging  supplies  consumed  cost  $0.81  per  day. 

Pasture  and  Grazing  Account 19,  20 

Pasture  and  grazing  cost  of  all  livestock  was  $1.36  per 
head,  including  young  stock.  A  heavy  investment  per 
cow  unit  in  grazing  land,  and  expensive  or  extensive 
grazing  leases,  cause  high  pasture  and  grazing  costs. 

Horse  Account 22-25 

The  cost  of  feed  consumed  by  horses  was  $7.26  per 
head,  or  $0.32  per  horse  day  worked.  Horse  cost  was 
$0.43  per  work  day.  On  an  average,  each  horse  is  used 
approximately  40  full  days  during  the  year. 

Handling  Cattle  Account 27,28 

The  cost  of  handling  cattle  was  $2.55  per  cow  unit. 

Feeding  Cattle  Account 30 

The  cost  of  feeding  cattle  was  $1.97  per  cow  unit. 

Feeds  for  Cattle 32 

Hay  fed  per  cow  unit 94  tons    $5.71 

Grain  fed  per  cow  unit 3.70  lbs.  .06 

Cottoncake  fed  per  cow  unit 44.72  lbs.        1.03 

Salt  fed  per  cow  unit 7.08  lbs.  .07 

Pasture  and  grazing  cost  per  cow  unit 1.58 

Total  feed  cost  per  cow  unit $8.45 

General  Ranch  Account 36 

The  net  general  ranch  cost  was  $2.29  per  cow  unit. 

Cattle  Carrying  Cost 39 

The  net  carrying  cost  per  cow  unit  was  $14.88.  The 
cost  of  feeds  and  the  amount  of  hand  feed  consumed 
largely  determine  whether  the  carrying  cost  is  low  or 
high. 

Bull  Cost 41 

On  an  average  24  breeding  cows  were  run  per  service- 
able bull.  Approximately  10  per  cent  of  the  bulls  of 
serviceable  age  were  7  years  old  or  over. 

Bull  cost  per  breeding  cow  was  $1.79,  or  $2.80  per  calf 
branded. 
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Death  Loss 42 

The  death  loss  among  all  cattle  was  3.10  per  cent.  Death 
loss  among  all  bulls  was  5.23  per  cent  and  among  bulls  7 
years  old  and  over  it  was  16.5  per  cent. 

Calf  Crop  Percentage 44 

Calves  were  produced  by  63.92  per  cent  of  the  breeding 
cows.  This  is  figured  on  the  occupancy  head  of  cows  and 
the  number  of  calves  branded. 

Cattle  Production  Costs 48 

6  months  calf $28.46  per  head  $0,077   per  lb. 

Yearling 34.64  per  head  .066    per  lb. 

18  months 40.82  per  head  .0596  per  lb. 

Two-year-old  49.10  per  head  .0528  per  lb. 

30  months 57.39  per  head  .0552  per  lb. 

Three-year-old 65.82  per  head  .0598  per  lb. 

In  round  numbers  a  rancher  having  a  $17  cow  mainte- 
nance cost  and  an  82  per  cent  calf  crop  produces  six 
months  old  calves  for  $7  per  head  less  than  he  would  with 
the  same  cost  and  only  a  62  per  cent  calf  crop. 

Calf  crop  has  its  greatest  influence  on  the  initial  cost 
of  the  calf. 

Carying  cost  is  the  important  factor  affecting  the  pro- 
duction cost  of  cattle  older  than  yearlings.  In  other 
words,  carrying  cost  is  more  important  than  calf  crop 
on  the  majority  of  ranches  producing  range  cattle  in 
Nevada. 


Digitized  by 


Google 


CATTLE  PRODUCTION  COSTS  IN  NEVADA 


The  cattle  ranch  is  a  factory  for  the  production  of  beef.  The 
equipment  necessary  to  produce  the  finished  article  consists  of  land, 
permanent  improvements,  machinery  and  equipment,  bulls,  breeding 
cows,  horses,  and  such  other  livestock  as  sheep,  hogs,  and  poultry  in 
numbers  considered  necessary  for  efScient  operation.  Calves,  heifers, 
yearlings,  and  two-year-old  steers  carried  on  the  ranch  are  the  raw 
product  in  the  process  of  production.  Heifers  become  a  part  of  the 
required  equipment  at  two  years  of  age,  as  they  replace  aged  cows. 
To  keep  the  factory  in  operation  requires  managerial  services,  labor, 
administration  expense,  and  the  consumption  of  a  wide  variety  of 
expendable  parts  and  supplies. 

With  the  settlement  of  the  country  and  the  passing  of  year-long 
forage  on  the  open  range,  cattlemen  have  been  compelled  to  grow  an 
ever-increasing  percentage  of  their  own  forage,  which  is  pastured  and 
hand  fed.  The  march  of  progress,  competition,  changing  conditions, 
and  economic  factors  have  forced  them  to  acquire,  fence,  improve  and 
operate  more  land.  Therefore  a  heavier  investment  per  unit  is  required 
in  land,  machinery,  equipment,  and  in  a  better  grade  of  cattle.  With 
this  added  investment  comes  an  increased  cost  in  taxes,  depreciation, 
and  other  overhead  charges. 

To  keep  this  factory  in  operation  requires  the  use  of  more  labor  and 
expendable  parts  and  supplies  for  the  production  of  feed  and  pasture. 
Irrigation  ditches  and  laterals  must  be  kept  up,  pastures  reserved  and 
meadows  rehabilitated;  hay  and  grain  must  be  grown  and  hand  fed 
to  livestock  during  the  winter  months.  Classification  of  stock  cattle 
for  grazing  and  f^ing,  and  topping  pastures  with  the  beef,  must  be 
practiced.  Young  well-bred  bulls  must  be  used  in  sufficient  numbers 
to  insure  a  satisfactory  calf  crop  of  good  breeding.  Animal  diseases, 
noxious  weeds,  and  predatory  animals  must  be  controlled  with  more 
vigilance  as  outbreaks  occur. 

Irrigation  streams  are  being  adjudicated  and  stock  water  rights 
protected.  The  public  taste  wants  a  better  product  —  younger  beef 
with  a  higher  degree  of  finish.  The  aged  "horsey"  type  of  longhom 
steer  is  being  replaced  by  his  younger  brother,  eighteen  to  twenty-four 
months  old,  round  and  full 'in  meat  and  flesh  when  finished  for  the 
shambles. 

Both  the  character  of  the  public  appetite  for  beef  and  the  economic 
conditions  surrounding  the  ranch  have  changed  rapidly  in  the  past 
twenty  years.  These  changing  factors  in  the  development  of  the 
industry  have  added  materially  to  the  cost  of  operating  ranches  and 
producing  cattle.  There  was  a  time  when  a  rancher  could  do  all  his 
own  work  on  a  saddle  horse  while  depending  upon  the  natural  range 
resources ;  but  this  is  rapidly  becoming  a  thing  of  the  past.  A  ranch 
manager  of  today  must  be  a  good  executive,  a  shrewd  business  man, 
and  a  hard  worker  if  he  is  to  cope  with  the  present  economic  conditions. 

The  successful  operation  of  the  cattle  ranch  of  today  requires : 

(1)  A  balanced  unit — ^the  right  number  of  cattle  for  the  size  and  the 
productivity  of  properly  proportioned  areas  of  ranch  and  range. 

(2)  Skilled  management  and  efficient  ranch  practices. 
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PUBPOSE  OF  THIS  BULLETIN 

The  purpose  of  this  bulletin  is  to  set  forth  a  general  summary  of  the 
method  used  in  obtaining  ranch  costs,  to  give  the  costs  of  the  important 
ranch  accounts,  the  cost  of  producing  cattle,  and  to  point  out  some  of 
the  main  factors  which  cause  variations  in  cost. 


SIZE,  LOCATION,  AND  TYPE  OF  RANCHES  STUDIED 

This  study  was  carried  on  during  the  years  1928,  1929  and  1930.  and 
covered  twenty-four  cattle  ranches,  26,411  head  of  cattle,  and  271.539 
acres  of  owned  land.    From  this  group  twenty  representative  ranches 


Location  and  Approximakt  Ar«o 
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were  selected  in  order  to  present  a  fair  average  of  costs.  Ranches 
under  study  run  from  three  hundred  to  four  thousand  head  of  cattle 
and  are  scattered  in  five  large  counties  in  eastern  Nevada.  They  con- 
sist of  ranches  in  the  business  of  raising  cattle,  operating  under  the 
same  general  conditions,  and  were  selected  for  the  purpose  of  ascertain- 
ing the  production  costs  involved  on  a  straight  cattle  ranch.  Modifica- 
tions of  operations  are  made  in  the  different  localities  due  to  varying 
amounts  of  precipitation  and  length  of  grazing  season. 

The  region  studied  produces  71  per  cent  of  all  the  cattle  produced 
in  Nevada. 

All  of  the  ranches  have  winter  quarters  for  feeding  operations,  and 
all  of  them  produce  hay.  During  spring,  summer,  and  fall  the  cattle 
are  grazed  on  open  range ;  on  the  higher  elevations  during  the  summer 
months,  and  on  the  lower  levels  throughout  the  spring  and  fall.  The 
altitude  varies  from  4,000  to  7,000  feet.  Some  ranchers  do  not  run 
cattle  on  the  Forest  Reserve  at  all,  and  several  have  only  small  permits. 
The  cattle  are  grazed  on  the  open  range  for  a  period  of  three  to  nine 
months,  depending  upon  location  and  available  range  feed.  The  remain- 
der of  the  time  the  majority  of  cattle  are  run  under  fence  on  pasture 
or  winter  feeds. 

The  grazing  areas,  except  for  the  higher  summer  ranges,  are  the 
Xevada  sagebrush  type.  In  this  type  of  grazing,  the  following  are 
the  important  grasses,  weeds,  grass-like  plants,  and  browse  in  order  of 
importance,  according  to  their  approximate  feed  value. 

Grasses. 

Blue  bunch  wheat  grass.  Sixweeks  fescue. 

Giant  wild  rye.  Fendler  bluegrass. 

Slender  wheat  grass.  Sandberg  bluegrass. 

Field  brome.  Nevada  bluegrass. 

Wheatlike  wild  rye.  Big  bluegrass. 

Idaho  fescue.  Alpine  timothy. 

Grass  Uke  Plants. 

Hillside  sedge.  Meadow  sedge. 

Elk  sedge.  • 

Weeds. 

Mountain  wyethia.  Dandelion. 

False  yarrow.  Balsam  root. 

Large  bluebell.  Geranium. 

Small  bluebell.   . 

Trees  and  Shrubs. 

Mountain  service  berry.  Bitterbrush. 

Yellowbrush.  Red  elder. 

Mountain  mahogany.  Willow. 

Mountain  snowberry.  Western  chokecherry. 

Lance-leaf  yellowbrush.  Fendler  rose. 

Harvest  crop  lands,  ranch  pasture,  and  grazing  lands  are  necessary 
for  cattle  production  in  northeastern  Nevada.  The  so-called  wild  hay 
meadows  are  composed  mainly  of  timothy,  red-top,  wild  and  tame  clo- 
ver, and  sedges,  with  a  scattering  of  native  grasses.     Some  alfalfa  is 
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grown  on  a  few  ranches  favorably  situated.  The  irrigated  pasture 
lands  produce  much  the  same  grasses  as  the  wild  hay  meadows.  The 
plant  composition  of  other  pasture  land  is  of  the  same  type  as  the 
grazing  areas  in  general. 

METHOD  AND  PS00EDX7BE  USED  IN  OBTAININa  RANCH  COSTS 

There  are  so  many  different  systems  of  bookkeeping  and  so  many 
methods  of  interpreting  cost  figures  after  they  are  collected,  that  it 
was  necessary  to  establish  certain  fundamental  rules  which  must  be 
adhered  to  throughout  the  investigation.  The  method  to  be  adopted 
depends  largely  upon  what  the  figures  are  intended  to  show.  In  this 
project  the  desire  was  to  keep  away  from  all  hidden  or  paper  profits, 
to  put  all  ranches  on  an  equal  basis,  and  to  find  the  direct  as  well  as 


Fig.  2.    Typical  Summer  Range  la  the  Buby  Mountains. 

the  indirect  costs  in  the  production  of  cattle.    The  following  are  a  few 
of  the  more  important  principles  adopted. 

Interest. 

The  costs  in  this  bulletin  are  exclusive  of  all  interest  charges.  How- 
ever, an  inventory  was  kept  of  all  livestock,  land,  machinery  and  equip- 
ment, so  that  valuations  could  be  calculated  to  see  what  interest  was 
earned  on  the  investment,  and  for  computing  the  earning  power  of  land. 

Prices  Used. 

Prices  were  established,  exclusive  of  interest  charges,  on  all  livestock 
and  food  produced  on  the  ranch  for  ranch  consumption.  These  prices 
(Appendix  5-8)  were  kept  at  a  constant  figure  in  order  to  keep  away 
from  any  paper  profit  due  to  fluctuations  in  value.  As  this  bulletin 
deals  only  with  the  production  cost  of  cattle,  exclusive  of  interest,  the 
prices  thus  established  do  not  enter  into  the  calculations  except  in 
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cases  where  such  produce  was  directly  consumed  in  the  production  of 
cattle — branch  produced  beef  used  in  board  and  lodging,  ranch  pro- 
duced grain  fed  to  livestock,  etc. 

Unpaid  L»1>or. 

Unpaid  labor  and  unpaid  managers  are  allowed  a  wage  or  salary  in 
keeping  with  paid  labor  and  paid  managers,  according  to  the  work 
performed.    (Appendix  1,  2). 

Ooimts  of  Cattle — Occupancy  Hea4. 

Cattle  were  counted  at  the  beginning  and  end  of  each  year.  How- 
ever, due  to  purchases  and  sales  during  the  year,  neither  of  these  counts 
vdll  give  the  correct  number  of  head  on  the  ranch  a  full  year.  All 
classes  of  cattle  were  therefore  placed  on  an  occupancy  basis,  taking 
purchases  and  sales  into  consideration,  in  order  to  find  the  number 
of  head  of  each  class  on  the  ranch  a  full  year.  The  total  occupancy 
head  was  the  basis  taken  for  figuring  the  percentage  of  death  loss  that 
had  occurred  during  the  year  and  the  occupancy  head  of  cows  was 
used  in  fi^ring  calf  crop  percentage. 

Cow  Unit. 

A  cow  unit  is  a  mature  cow  on  the  ranch  a  full  year.  The  unit  values 
used  are : 

1  mature  cow.._ 1   cow  unit 

1  branded  calf  or  weaner i  cow  unit 

1  yearling ^ i  cow  unit 

.    1  two-year-old  steer „ 1   cow  unit 

1  beef  steer - li  cow  units 

1  bull - licow  units 

Multiplying  the  occupancy  head  of  each  class  of  cattle  by  its  unit 
value  gives  the  number  of  cow  units. 

Purcliased  Oattle. 

Cattle  bought  to  build  up  the  herd  may  cost  more  or  less  than  pro- 
duction cost.  If  more  the  difference  becomes  a  charge,  if  less  a  credit, 
to  carrying  cost.  The  difference  between  production  cost  and  purchase 
price  is  handled  in  the  same  way  as  depreciation  and  spread  over  a 
period  of  years  as  a  charge  or  credit  covering  the  probable  length  of 
time  the  animal  will  be  on  the  ranch.  The  cattle  ranches  presented 
make  very  few  transactions  of  this  character. 

Oliarges  and  Credits. 

Cattle  and  hay  are  the  two  big  crops  produced  by  Nevada  cattle 
ranches.  All  other  accounts  are  considered  subsidiary  to  their  pro- 
duction. Receipts,  refunds,  and  inventory  increases  pertinent  to  such 
other  accounts  are  credited  to  each  respectively,  giving  the  net  cost. 
The  hay  is  usually  consumed  by  cattle  at  production  cost,  therefore  the 
bulk  of  the  receipts  are  derived  from  the  cattle.  However,  revenue 
from  both  cattle  and  hay  is  credited  to  ranch  profit  or  loss. 

Balsed  Bulls. 

A  few  ranchers  operate  a  small  registered  herd  and  a  good  many  run 
a  few  pure  bred  cows  from  which  they  produce  a  part  of  their  stock 
bulls.  At  weaning  time  the  production  cost  of  these  bulls  is  credited 
to  carrying  cost  and  charged  to  the  bull  account  because  some  may 
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later  be  sold  as  herd  bulls  and  such  receipts  are  credited  directly  to 
bulls.  If  any  bulls  should  die  their  loss  would  be  charged  to  the  bull 
account. 

Distribution  of  Costs. 

Cost  items  entering  into  ranch  accounts  are  charged  on  the  basis  of 
use.  Items  such  as  labor,  board  and  lodging,  use  of  horses,  haying 
extras,  and  feeds  consumed,  where  the  cost  is  exclusively  for  one  opera- 
tion, are  kept  separate  and  charged  direct.  Depreciation,  use  of  auto- 
mobiles, general  supplies  and  repairs,  where  the  use  and  cost  pertain 
to  several  operations,  are  allocated  to  each  as  nearly  as  possible  on  the 
basis  of  percentage  of  use.  This  procedure  is  necessary  because  of  the 
overlapping  of  some  accounts.  Its  application  may  cause  slight  cost 
variations  as  between  the  segregated  accounts ;  however,  the  carrying 
cost  and  cattle  production  cost  would  not  be  affected. 

Averages. 

Weighted  averages  are  used  in  all  average  ranch  computations ;  that 
is,  total  costs  are  divided  by  total  units  to  find  unit  cost. 

METHOD  OF  COLLECTING  DATA 

The  Station  entered  into  cooperative  relationships  with  the  cattle- 
men, through  a  term  of  years,  in  keeping  actual  records  of  all  the 
factors  entering  into  the  cost  of  producing  beef  cattle  for  market. 
A  field  man  visited  the  ranches  on  each  route  frequently,  supervised 
the  work,  and  assisted  in  keeping  the  books.  These  records  were  kept 
in  a  Time  Book,  Day  Book,  and  Inventory.  The  data  herewith  pre- 
sented are  compilations  and  analyses  made  from  these  records. 

DATA  COLLECTED 

Operation  costs  and  physical  data  are  entered  under  the  following 
subdivisions : 

Overhead  Costs. 

Insurance  on  buildings,  machinery  and  equipment,  charged  directly 
to  the  item  insured. 

Taxes,  both  State  and  county,  on  ranch  property,  livestock  tax  and 
water  tax,  charged  to  the  item  taxed. 

Depreciation  on  permanent  improvements,  machinery  and  equip- 
ment, computed  by  dividing  the  original  cost  of  the  item  by  its  prob- 
able life,  charged  as  nearly  as  possible  to  the  account  using  such 
improvement  or  equipment. 

Miscellaneous  Management  expense  includes  express,  transportation, 
telephone,  association  dues,  subscriptions  to  farm  papers,  and  such 
other  expenses  as  cannot  be  charged  directly  to  any  specific  ranch 
operation.  Such  charges  are  therefore  percentaged  off  to  the  various 
accounts. 

Special  Administrative  Costs  of  considerable  consequence,  such  as 
law  suits,  questions  of  title,  etc.,  are  not  charged  to  any  one  year  but 
are  prorated  over  a  number  of  years,  depending  on  the  nature  of  the 


Digitized  by 


Google 


Cattle  Production  Costs  in  Nevada  13 

expense.    This  computation  is  made  on  the  basis  that  the  charge  should 
be  spread  over  its  period  of  value  to  the  ranch. 

I«abor. 

Management  Salary  consists  of  paid  and  unpaid  management  salary. 
Unpaid  ranch  managers  are  allowed  salaries  comparable  with  paid 
managers  holding  similar  positions  (Appendix  2).  All  managers  are 
allowed  the  regular  going  wage  for  ordinary  labor.  This  amount  is 
deducted  from  the  manager's  salary  and  charged  to  the  work  per- 
formed. The  remainder  of  the  manager's  salary  is  prorated  to  the 
various  ranch  accounts  according  to  the  total  days  spent  in  each  divi- 
sion. 

Labor  includes  paid  and  unpaid  labor  chargeable  to  the  several 
accounts  on  the  basis  of  cost  and  days  worked.  Monthly  time  sheets 
are  kept  on  labor,  dividing  the  days  worked  into  the  proper  accounts. 
Labor  Insurance  consists  of  industrial  insurance  premiums  paid  on 
labor,  and  is  charged  to  the  various  accounts  according  to  the  labor 
days. 

Horse  Labor.  Horse  days  are  kept  track  of  and  charged  in  the  same 
manner  as  man  labor  days. 

Parts  and  Supplies. 

These  include  such  items  as  fencing,  board,  haying  extras,  automo- 
bile parts,  and  gasoline,  charged  to  their  respective  accounts.  Other 
parts  and  supplies  are  allocated  to  the  several  accounts  according  to 
their  percentage  of  use. 

Feeds. 

A  record  of  the  amount  of  each  class  of  feed  consumed  by  cattle, 
horses  and  other  livestock  is  kept  and  such  feeds  are  charged  in  at 
purchase  price  or  production  cost.    (Appendix  5). 

EXPLANATION  OF  MINOB  ACCOUNTS 

Charges  from  the  above  subdivisions  made  up  the  following  minor 
accounts : 

Automobile  cost  for  all  purposes  is  computed  on  the  basis  of  total 
gallons  of  gasoline  consumed.  Records  of  the  gallons  of  gasoline  used 
in  automobiles  for  ranch  use  and  pleasure  are  kept.  The  percentage 
of  use  of  automobiles  for  the  different  ranch  purposes  is  then  estimated 
and  the  cost  prorated  to  the  various  accounts. 

Board  and  Lodging  cost  per  day  is  computed  and  charged  to  the 
respective  accounts  on  the  basis  of  days  worked.  Board  for  members 
of  the  family  not  working  is  not  included  in  the  production  cost  of 
cattle. 

Pasture  and  Grazing  charges  are  kept  and  allocated  to  cattle,  horses, 
and  other  livestock  on  a  head  basis. 

Horse  Costs  per  day  for  all  purposes  are  computed  and  charged  to 
the  different  accounts  on  the  basis  of  days  worked. 

Carry-Over  Charges.  Costs  entering  into  the  construction  of  perma- 
nent improvements  and  the  production  of  feeds  carried  over  do  not 
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enter  into  the  current  year  costs ;  accordingly  such  costs  per  cow  unit 
and  the  total  costs  charged  in  various  accounts  to  the  current  year 
are  not  one  and  the  same  thing.  This  principle  applies  to  automobile, 
labor,  board  and  lodging,  horse  costs,  etc. 

EXPLANATION  OF  BIAJOB  ACCOUNTS 

The  above  Minor  Accounts,  together  with  all  direct  charges,  make 
up  the  following  Major  Ranch  Accounts,  which  in  turn  make  up  the 
two  main  cost  divisions: 

A.  The  Cost  of  Producing  Hay. 

1.  The  cost  of  growing  hay. 

2.  The  cost  of  haying. 

(A  separate  bulletin  will  be  published  on  the  cost  of  pro- 
ducing hay.) 

B.  Carrying  Cost  of  Cattle. 

1.  The  cost  of  handling  cattle. 

2.  The  cost  of  feeding  cattle. 

3.  The  cost  of  feeds  for  cattle. 

4.  The  cost  of  general  ranch  operation. 

5.  Cost  of  purchased  breeding  stock. 

6.  Ranch  produced  bulls  sold  to  bull  account. 

Bull  Cost  is  found  by  multiplying  the  number  of  bull  units  by  the 
carrying  cost  per  unit,  plus  bull  depreciation  and  death  loss.  This 
figure  is  divided  by  the  number  of  breeding  cows  to  give  the  bull  cost 
per  cow. 

Cost  of  Production  of  Cattle.  The  carrying  cost  per  cow  unit,  com- 
bined with  bull  cost  per  cow,  death  loss  cost,  and  calf  crop  percentage, 
give  the  cost  of  production  of  the  various  ages  of  cattle. 

MINOB  ACCOUNTS 
The  Cost  of  Bunning  Automobiles. 

The  automobile  account  includes  the  total  cost  of  all  automobiles 
for  the  year  both  for  ranch  purposes  and  pleasure.  The  cost  for  ranch 
purposes  is  charged  to  the  various  accounts  on  a  percentage  of  use 
basis.    The  pleasure  cost  is  charged  to  personal  expense. 

The  automobile  has  replaced  the  horse  for  trucking  and  transporta- 
tion to  and  from  the  ranch.  Horses  must  still  be  carried  to  do  most 
of  the  ranch  work.  The  advent  of  the  automobile  has  created  a  new 
ranch  expense.  Its  use  from  a  practical  standpoint  has  to  be  justified 
by  speeding  up  eflBciency  in  saving  time,  hauling  more  tonnage,  and 

the  like. 

Average  CJosts  Per  Gallon 

Overhead $0.52 

Parts  and  supplies  (oil  and  repairs) ^ 27 

Gasoline « 25 

Management  salary 03 

Total  cost  per  gallon $1.07 

This  average  cost  per  gallon  $1.07,  divided  by  12,  the  average  miles 
per  gallon,  equals  $0,089,  the  average  cost  per  mile. 
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TABLE  NO.  1 

Varlatlona  in  AutomobUe  Costs 

, 

Costs  peb  Cow 

Unit . 

Anch 

Cost  per  gallon 

Total 

Pleasure 

Ranch  use 

X 

$0.65 

$1.07 

$0.57 

$0.50 

I 

67 

1.13 

.17 

.96 

T 

74 

.71 

.02 

.69 

F 

79 

1.30 

.20 

1.10 

K 

.84 

.79 

.12 

.67 

Q 

95 

1.69 

.12 

1.57 

J 

.97 

1.66 

.30 

1.36 

V 

1.00 

.65 

.65 

H 

1.00 

1.16 

.19 

.97 

L 

1.06 

2.00 

.58 

1.42 

P 

3.07 

1.17 

.33 

.84 

G 

1.11 

.92 

.01 

.91 

D 

1.15 

1.11 

.26 

.85 

A 

1.19 

1.22 

.07 

1.15 

X 

1.26 

.as 

.68 

B 

1.29 

1.23 

.15 

1.08 

Z 

1.43 

1.20 

.05 

1.15 

C 

1.65 

1.06 

.51 

.55 

O 

2.01 

1.96 

.46 

1.50 

E 

2.12 

.81 

.24 

.57 

Average 

$1.07 

$1.04 

$0.16 

$0.88 
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The  foregoing  table  shows  that  the  automobile  cost  per  gallon  varies 
from  $0.65  to  $2.12,  with  the  average  at  $1.07. 

There  are  too  many  variable  factors  which  cause  this  difference  to 
permit  any  definite  conclusion  regarding  use  of  automobiles.  A  few 
of  the  variables  are :  Difference  in  size,  number  and  type  of  automo- 
biles, number  of  cow  units,  miles  from  railroad,  kind  and  condition  of 
roads,  size  and  distribution  of  ranch  and  range,  and  the  personal  factor 
which  governs  the  use  of  the  car. 

However,  there  are  a  few  points  well  worth  consideration.  Cattle 
ranchers'  investment  in  automobiles,  when  compared  with  their  invest- 
ment in  other  ranch  machinery,  often  appears  heavy  and  out  of  line. 
For  instance,  twenty-eight  per  cent  of  the  total  investment  in  ranch 
machinery  and  equipment  is  tied  up  in  automobiles  and  trucks.  When 
compared  to  other  ranch  machinery,  automobiles  and  trucks  are  com- 
paratively short-lived.  At  best,  depreciation  is  a  big  factor.  Careful 
consideration  should  be  given  to  proposed  use  before  purchasing.  A 
touring  car  doing  the  work  of  a  truck  is  expensive  transportation. 
Big  cars  operated  over  rough  mountain  roads  quite  often  could  be 
replaced  with  lighter  machines  at  a  lower  cost.  In  fact,  the  use  of 
any  car  for  a  purpose  to  which  it  is  not  suited  is  costly.  The  auto- 
mobile, unless  judiciously  used  on  cattle  ranches,  proves  to  be  a  burden. 

Other  things  being  equal,  the  majority  of  ranchers  near  trading 
centers  have  more  auto  travel  than  those  farther  away.  Frequent 
trips  to  town  are  made  for  repairs  and  supplies  in  small  lots.  The 
ranchers  farther  away  plan  ahead,  make  occasional  trips  and  lay  in 
supplies  in  large  amounts,  thereby  reducing  automobile  transportation. 

Some  part  of  the  automobile  cost  finds  its  way  into  all  ranch  accounts, 
either  directly  or  indirectly.  It  is  first  charged  to  the  minor  accoimts, 
such  as  Board,  Pasture,  and  Horses,  and  as  these  accounts  are  carried 
into  the  major  accounts  a  part  of  the  automobile  cost  goes  with  them. 
Then  too,  these  major  accounts.  Feeding  Cattle,  Handlmg  Cattle,  Pro- 
ducing Hay,  and  General  Ranch,  all  receive  their  share  of  the  auto- 
mobile cost  as  a  direct  charge. 

It  can  be  easily  seen  that  the  total  automobile  cost,  like  other  total 
minor  costs,  becomes  interwoven  in  carrying  cost  to  such  an  extent 
that  it  is  not  practical  to  find  the  total  amount  of  such  minor  costs 
which  is  included  in  carrying  cost  for  the  year.  However,  the  ranch 
must  pay  for  the  automobile,  whether  it  is  charged  to  carry-over  hay, 
to  permanent  improvements,  or  to  hay  directly  consumed  during  the 
year.  Therefore,  the  total  cost  of  the  automobile  was  divided  by  the 
total  cow  units,  giving  the  cost  per  cow  unit.  This  cost  varies  from 
$0.65  to  $2,  averaging  $1.04  per  cow  unit.  Of  this  total  cost,  $0.88  is 
charged  to  Ranch  Operation  and  $0.16  to  Personal. 

The  Cost  of  Board  and  Lodging. 

The  cost  of  board  and  lodging  per  day  is  based  on  all  ranch  labor 
days,  together  with  family  and  personal  board  and  lodging  days.  All 
cooks'  wages  are  entered  directly  to  board  and  lodging.  Ranch  pro- 
duced food  supplies  are  charged  into  board  at  production  cost  (Appen- 
dix 8 ) .  Board  and  lodging  costs  are  then  charged  to  the  various  accounts 
on  the  basis  of  labor  davs  worked. 
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Average  Boabd  and  Lodging  Cost  Per  Day 

Overhead $0.18 

Labor 38 

Management  salary 02 

Food  supplies. 81 

Gasoline  for  lights 01 

Automobile  (.045  gals,  per  day  x  $1.07  per  gal.) 05 

Gross  cost  per  board  day $1.40 

Credits :    Receipts  from  meals,  food  supplies..^ 07 

Net  cost  per  board  day $1.33 

The  most  important  item  entering  into  this  account  is  the  value  of 
food  supplies  consumed  during  the  year.  To  this  cost  cooks'  wages, 
overhead,  etc.,  are  added,  making  up  the  total  cost. 
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TABLE  NO.  2 
Variations  in  Board  and  Lodging  Ck)8t8  Per  Day 


Ranch 

Food  supplies 

ToUl 

Ranch 

Food  suppliei 

»        Total 

X  .... 

$0.(52 

$0.9(> 

F    . ... 

$0.75 

$1.24 

o  

r>s 

.1)8 

N   ... 

82 

1.28 

E   .... 

06 

.1)1) 

I   

77 

1.41 

A   

55 

1.11 

T   .... 

93 

1.43 

C   

72 

1.12 

K  .... 

80 

1.45 

Q   .... 

58 

l.U 

V  

1.37 

1.50 

D  . ... 

02 

1.14 

H  .... 

81 

1.54 

J    .... 

71 

1.14 

B   . 

94 

1.73 

P   .... 

80 

1.20 

Z     ... 

94 

1.79 

G  

05 

1.23 

L    . ... 

9<5 

2.00 
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Board  and  lodging  cost  varies  for  $0.96  to  $2  per  day.  The  average 
cost  of  $1.33  per  day,  or  $40  a  month  for  each  person,  over  and  above 
wages,  runs  labor  cost  up  to  a  figure  that  is  not  generally  realized. 
With  monthly  wages  approximating  $50  and  found,  total  labor  cost 
averages  $90  per  month. 

Board  and  lodging  supply  cost  includes  both  purchased  and  pro- 
duced items.  The  account  consists  of  food  supplies,  such  as  groceries, 
dairy,  poultry,  and  garden  products,  together  with  expendable  supply 
items  such  as  dishes,  bedding,  fuel,  etc.  Board  and  lodging  supply 
cost  varies  from  $0.55  to  $1.37,  with  an  average  of  $0.81  per  day. 

All  ranches  produced  the  bulk  of  the  meats  consumed.  The  ^reat 
majority  produced  dairy  and  poultry  products  in  quantities  sufftcient 
for  home  consumption.  Out  of  this  representative  group  of  twenty 
ranches,  seven  maintained  good  home  gardens,  seven  had  gardens  of 
little  consequence,  and  six  had  none  at  all.  In  some  instances  location 
and  conditions  were  not  adaptable  to  gardens.  One  ranch  produced 
no  home  grown  food  supplies  whatever,  with  the  exception  of  beef. 
Groceries,  dairy,  poultry  and  garden  products  were  all  purchased. 
This  ranch  made  more  than  the  customary  replacement  purchases  of 
kitchen  utensils  and  dishes.  Including  such  purchases  its  board  and 
lodging  supply  cost  was  $1.37  per  day,  which  is  $0.56  above  the  aver- 
age. It  is  difficult  to  establish  the  amount  of  customary  replacements 
of  this  nature ;  however,  it  is  clearly  evident  that  a  good  share  of  this 
cost  is  attributed  to  the  fact  that  all  food  supplies,  excepting  beef,  were 
purchased.  Buying  dairy  and  poultry  products  was  especially  costly. 
'  Since  each  ranch  carries  the  expense  of  board  and  lodging  for  family 
and  personal  days,  as  weU  as  labor,  cow  unit  costs  are  given  to  point  out 
the  significance  of  this  account  to  the  complete  ranch  operation  under 
existing  conditions.    These  are  average  figures  for  the  twenty  ranches: 

Board  days  Board  cost  Board  cost 

per  cow  unit  per  day  per  cow  unit 

Labor  board  days 1.95  $1.33               $2.60 

Family  and  personal  days 54  1.33                   .72 

Total  board  days ^ "2^9  $1.33  $3.32 

The  $3.32  per  cow  unit  is  the  total  cost  for  all  board  and  lodging,  and 
is  not  shown  again  because  part  of  it  is  in  carry-overs  and  part  in  minor 
accounts,  as  explained  under  the  Cost  of  Running  Automobiles. 

Investments  in  elaborate  dwellings,  mess  and  bunk  houses,  store 
rooms,  etc.,  add  to  depreciation,  upkeep,  and  repair  costs,  which  are 
reflected  directly  in  board  and  lodging.  Simple,  comfortable,  and 
durable  ranch  houses  are  the  most  economical  in  the  long  run.  In 
many  cases  all  meals  are  prepared  and  served  in  the  ranch  house, 
eliminating  the  need  of  a  mess  house.  On  the  majority  of  ranches 
the  cattleman's  wife  does  most  of  the  cooking.  This  is  particularly 
true  on  ranches  running  under  1,000  head  of  cattle.  The  house^^'ife 
maintains  a  home,  works  with  the  chickens  and  garden,  and  in  addi- 
tion cooks  for  the  hired  help.  In  the  successful  operation  of  many 
outfits  much  credit  is  due  to  the  housewife,  whose  prudent  manage- 
ment, skillful  hands,  and  capacity  for  work  make  the  ranch  a  home  as 
well  as  a  place  to  live. 

Volume  production  involves  more  labor,  with  more  board  days  per 
cook,  which  lowers  board  cost  per  day.  Small  outfits  which  require 
a  cook  for  very  few  men  can  hardly  escape  a  comparatively  high  board 
and  lodging  cost  per  day. 
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Home  grown  garden  produce  in  quantities  suflSeient  for  ranch  use  is 
desirable,  probably  more  from  the  standpoint  of  variety,  better  living, 
and  convenience,  than  cost.  In  most  instances  such  produce  amply 
provides  the  table  with  food  which  would  be  served  sparingly  if  pur- 
chased. If  conditions  permit,  all  ranchers  should  produce  most  of 
their  dairy,  poultry,  and  garden  products. 

Jleat  plays  a  very  important  part  in  the  ranch  diet.  Keeping  meats 
during  hot  weather  is  quite  a  problem.  Exchange  of  meat  with  neigh- 
bors, corning  and  curing  are  remedies  practiced  to  check  this  leak. 
They  are  timely  jobs  and  if  neglected  prove  costly.  The  slaughtering 
of  mature  animals  for  ranch  use  is  undoubtedly  good  economy  where 
meat  in  such  quantities  can  be  taken  care  of  and  utilized. 

Food  waste  due  to  poor  cooks,  neglect,  and  poor  storage  facilities 
causes  board  costs  to  go  up.    A  good  cook  has  more  responsibility  in 
holding  board  costs  in  line  than  is  generally  realized. 
Pasture  and  Orazing  Account. 

All  livestock  are  grazed  in  common  on  the  ranch.    Horses,  sheep,  and 


Fig.  3.    Garden  Produce  for  Ranch  Use. 

small  livestock  are  grazed  in  numbers  considered  sufficient  to  run  the 
ranch.  Pasture  and  grazing?  costs  are  allocated  to  cattle,  horses,  and 
other  livestock  on  the  basis  of  use  and  number  grazed.  To  establish 
a  basic  unit  for  this  account,  five  head  of  sheep  or  other  small  live- 
stock are  considered  equal  to  one  horse  or  cow,  irrespective  of  age. 

This  pasture  cost  does  not  take  into  account  cut-over  hay  land  that 
is  grazed  by  stock.  The  reason  for  this  is  that  all  taxes  on  hay  land 
were  charged  against  hay  and  all  fence  repair  against  pasture,  because 
it  was  assumed  that  the  amount  of  each  chargeable  to  the  other  would 
balance  and  thus  save  the  complication  of  dividing  them  on  a  use  basis. 

Physical  Data 
Variable  Factors  I  nit  Costs 

Labor  days  per  head 062r.       Averaj^e  wage  per  day $1,870 

Board  and  lodging  days  per  head..  .On20       Average  board  cost  per  day—     1.38 

Gallons  of  gas  used  in  autos 00  Auto  cost  per  gallon 1.07 

Horse  days  per  head 04  IIoi*se  cost  per  day 43 
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Average  Pasture  and  Grazing  Cost  Per  Head 

Overhead $0.a3 

Labor — days  x  wage  per  day 12 

Management  salary 05 

Labor  insurance « 

Board — days  x  cost  per  day OS 

Parts  and  supplies 05 

Automobile — gals,  x  cost  per  gal — 06 

Horses — days  x  cost  per  day 02 

Grazing  leases  and  fees 38 

Gross  cost  per  head $1.39 

Credits  (sales  of  pasture) 03 

Net  cost  of  pasture  and  grazing $1.36 

Under  the  heading  of  leases  and  fees  have  been  included  all  charges 
for  grazing  that  had  to  be  obtained  outside  the  ranch  proper,  i.  e,.  for- 
est fees,  short  time  leases,  etc.  These  leases  were  generally  for  only 
a  comparatively  short  period  of  time  and  did  not  include  all  the  cattle 
on  any  ranch.    However,  these  charges  were  allocated  to  the  entire  herd. 

Ch«rtNumb«r3 


VARIATIONS  IN  PASTURE  ahd  GRAZING  COSTS 

PER  HEAD 
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TABLE  NO.  3 

Variations  in  Pasture  and  Grazing  Costs  Per  Head 

Leases  and 

Leases  and 

Ranch 

forest  fees            Total 

Ranch 

forest  fees 

Total 

C    ... 

$0.11               $0.8<^ 

L    

$0.65 

$1.37 

E    ... 

14                  .87 

P    

24 

1.38 

N   ... 

02             .o:^ 

Q  

Oi 

1.42 

V   ... 

.04 

B   

51 

1.50 

O   ... 

1.13 

Z    

58 

1.50 

A   .. 

31                1.17 

X  

23 

IXA 

F   .. 

1.20 

I    

(50 

1.74 

G   .. 

55               1.25 

K  

58 

1.75 

D  ... 

32                1.20 

T   

53 

2.35 

J    .. 

20                1.34 

II  

1.80 

2.42 

Pasture  and  grazing  costs  run  from  $0.80  to  $2.42  per  head,  with  an 
average  of  $1.36.  The  cost  of  grazing  leases  and  fees  has  also  been 
charted  to  show  the  direct  relationship  it  has  to  the  increase  in  pasture 


Fig.  4.    Summer  Bange  in  Eastern  Nevada. 

and  grazing  costs.  Ranches  not  favorably  located  with  respect  to  the 
use  of  the  public  range  are  obliged  to  lease  grazing  lands  or  purchase 
pasture,  oftentimes  at  costs  which  prohibit  economic  production.  Graz- 
ing and  pasture  privileges,  together  with  pasture  costs  on  the  ranch 
proper,  constitute  the  total  pasture  and  grazing  account. 

The  cattle  business  does  not  warrant  high  pasture  and  grazing  costs. 
Many  of  the  cattle  are  grazed  on  the  public  domain.  If  pasture  and 
grazing  costs  are  high,  then  hand  feeds  and  their  cost  should  be  cor- 
respondingly low  in  order  to  equalize  the  total  feed  cost.  When  both 
grazing  and  hand  feeds  are  high  it  is  difificult,  if  not  impossible,  to 
lower  other  ranch  operation  costs  sufificiently  to  offset  this  handicap. 

The  amount  of  owned  land  per  cow  unit,  carrying  capacity,  type  of 
range,  and  length  of  grazing  season  bear  heavily  on  pasture  and  graz- 
ing costs.    Heavy  investment  in  land  causes  increased  overhead  costs. 
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which  are  difficult  to  overcome.  As  a  safeguard  in  the  production  of 
cattle,  only  enough  land  should  be  owned  to  provide  fairly  g-ocwi  con- 
trol of  feed  and  water.  Buying  more  land,  unless  it  materially  speeds 
up  production  volume  or  efficiency,  is  apt  to  turn  out  an  unsuccessful 
venture.  Adding  to  capital  investment  unless  new  revenue  is  derived 
increases  production  costs  and  lowers  profits. 

Foresight  is  of  prime  importance  in  the  grazing  of  cattle.  Gains  off 
grass  are  the  cheapest ;  in  fact,  that  is  where  the  money  in  the  range 
cattle  business  is  made.  The  fields  should  first  be  topped  with  the 
beef  turnoflf,  then  foUowed  with  other  classes  of  cattle  which  in  turn 
are  most  in  need  of  especially  good  feed.  If  possible,  some  good  g^rass 
fields  should  be  reserved  for  late  fall  and  early  spring  grazing.  Their 
use  will  reduce  the  amount  of  hay  necessary  to  winter  the  cattle. 

Outfits  that  can  run  their  cattle  on  fairly  good  open  range  for  five 
or  six  months  out  of  the  year  have  a  decided  advantage  over  those  with 


Fig.  5.    Range  Cattle  on  Mountain  Meadows. 

a  short  grazing  season.  While  cattle  are  grazing  on  the  open  range, 
fields  are  rested,  feed  is  conserved,  and  handling  costs  are  usually 
reduced. 

Classification  of  stock  cattle  should  be  practiced,  giving  the  best 
location,  with  respect  to  feed,  water,  and  shelter,  to  those  classes  mosi 
in  need  of  special  care. 

HOBSE  AOCOUNT 
Feed  for  Horses. 

The  cost  of  feed  for  horses  consists  of  the  amounts  and  costs  of  hay, 
grain,  and  salt  consumed  by  horses,  together  Avith  pasture  and  grazing 
costs  per  head. 

Physical  Data 
Variable  Factors  Unit  Costs 

Hay  fed  per  head 706  tons  Cost  per  ton  of  hay $6.95(1 

Grain  fed  per  head 51.24   lbs.  Cost  per  lb.  of  grain. 0168 

Salt  fed  per  head 5.64   lbs.  Cost  per  lb.  of  salt 0106 
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AvEBAGE  Cost  Per  Head  of  Feed  fob  Horses 

Hay — tons  fed  x  cost  per  ton ^ f4.91 

Grain — lbs.  fed  x  cost  per  lb ^ 86 

Salt— lbs.  fed  x  cost  per  lb OC 

Pasture  and  grazing $1.38 

Forest  fees 05 

1.43 

Total  cost  per  head  of  feed  for  horses — $7.26 

Feed  cost  per  head  $7.26,  divided  by  horse  days  worked  per  head 
22.59,  equals  feed  cost  per  horse  day  $0.32.  Horse  feed  represents  the 
largest  single  item  entering  into  the  horse  account. 

There  is  a  great  variation  from  the  average  in  the  amount  of  feeds 
given  horses  per  head.  For  instance,  the  tons  of  hay  vary  from  .30 
tons  to  2.16  tons;  the  pounds  of  grain  from  .00  to  200  pounds,  and 
the  salt  from  .06  to  12.80  pounds. 

Chart  Numb«r4 


VARIATIONS  ra  C03TS  .T  FEED6  hr  HORSES 
PER  HEAD 

on 
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TABLE  NO.  4 
Variations  in  Feed  Costs  Per  Head  for  Horses 


Ranch     Hay 


Salt  pasture 
Grain        F.  fees        Total 


N 
C 
E 
A 
X 
L 
B 
D 
V 
F 


$2.04 
2.48 
2.55 
2.26 
1.81 
2.70 
8.87 
8.42 
5.42 
8.87 


$0.13 


.09 
.85 

.16 

.75 

.88 

2.29 


$0.98 

.75 

.82 

1.04 

1.55 

1.40 

1.29 

1.80 

.97 

1.24 


$2.97 
8.86 
8.37 
8.88 
8.71 
4.10 
4.82 
5.47 
6.77 
6.90 


Ranch 
P    

0    

K    

J    

H  

1    _ 

T    

Z    

G   


Hay 
$5.91 
6.20 
5.14 
4.78 
6.88 
6.96 
7.26 
5.12 
8.78 
15.29 


Salt  pasture 

Grain  F.  fees 

$1.39 

I.IS 

$0.42  1.77 

8.01  1.41 

.89  2.59 

1.44  1.54 

.48  2.43 

3.67  1.74 

1.42  .95 


.50 


1.01 


Total 

ST.Sd 

7.83 

-.« 

9.15 

9.81 

9.94 

10.19 

10.5^ 

11.10 

16.80 


Variations  in  grazing  conditions  surrounding  the  ranches  cause  wide 
diflferences  in  the  amounts  of  hand  feeds  required.    Total  feed  cost  per 


Fig.  6.    Modern  Corrals  and  Horse  Pasture. 

horse  varied  from  $2.97  to  $16.80.  The  average  is  $7.26.  The  aecom- 
panying  chart  on  feed  cost  for  horses  illustrates  the  wide  fluctuations 
on  various  ranches. 

The  cost  per  head  of  hay,  grain,  and  pasture  consumed  varies  in  this 
account  from  production  costs  because  a  percentage  of  such  feeds  were 
purchased  at  figures  below  or  above  production  cost.  With  few  excep- 
tions horses  are  grazed  either  on  the  open  range  or  in  pastures  as  much 
as  possible.  A  few  are  ranged  in  the  Poorest  Reserve,  and  this  cost  is 
allocated  to  all  horses  on  a  per  head  basis. 

The  difference  in  the  amount  of  feed  given  horses  is  very  noticeable. 
With  seemingly  equal  conditions  some  ranchers  feed  horses  from  ten 
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to  fifty  per  cent  more  hay  and  over  twice  as  much  grain  as  others  in 
tirrning  out  practically  the  same  amount  of  work  during  the  year. 
Tliis  difference  can  generally  be  accounted  for  in  the  method  of  carry- 
ing the  horses  through  the  idle  seasons,  or  it  may  be  due  to  the  time  of 
year  when  run-out  meadows  or  stubble  fields  are  plowed  up  prepara- 
tory to  spring  seeding,  in  order  to  maintain  hay  and  grain  production. 
Tlie  preparation  of  land  in  summer  or  fall  almost  invariably  reduces 
horse  cost.    In  the  fall  after  the  haying  season  the  horses  are  hardened 
and  in  good  condition  for  heavy  work.    When  the  fall  work  is  over  the 
horses  can  be  put  out  on  pasture  roughage,  supplemented  with  straTv 
and  a  minimum  amount  of  hay  for  a  short  time  during  the  severe 
'winter  weather.    In  the  spring  they  will  freshen  up  quickly  on  grass 
and  be  ready  for  the  haying  season.    If  the  plowing  and  heavy  crop 
work  is  left  until  spring  the  horses  must  be  well  fed  throughout  the 
winter  to  put  them  in  good  shape  for  hard  spring  work.     In  the 
spring  the  horses  are  soft;    it  usually  requires  more  horses  to  do 
the  work,  more  ht^y  and  grain  are  consumed,  and  the  cost  of  feeding 
goes  up. 

Most  ranchers  feed  and  grow  out  their  best  colts  very  well,  knowing 
that  it  takes  feed  to  produce  good  work  stock. 

On  comparing  ranches,  some  carry  mature  work  stock  through  the 
idle  seasons  on  a  maintenance  ration  of  roughage  and  cheap  feeds  at 
a  cost  much  lower  than  others.  Horses  are  used  in  practically  every 
ranch  operation;  hence,  when  the  horse  cost  is  high  the  cost  of  pro- 
ducing hay,  handling  cattle,  feeding  cattle,  and  general  ranch  costs  all 
go  up  accordingly.  Most  ranchers,  by  planning  their  work,  can  carry 
mature  horses  through  idle  seasons  at  a  comparatively  low  cost  with 
no  apparent  ill  effects. 

Horse  Cost. 

The  total  horse  costs  are  obtained  by  adding  feed  cost,  overhead,  and 
other  pertinent  items  as  listed  below.  In  the  main,  horses  are  broken 
while  at  work.  Accordingly  labor  cost  for  this  purpose  is  charged  to 
the  various  ranch  accounts  for  which  the  work  is  done. 

A  horse  day  represents  a  full  day's  work  for  one  horse,  or  its  equiva- 
lent if  horses  are  changed  during  the  day. 

Physical  Data 
Variahle  Factors  Unit  Costs 

Auto  gals,  per  horse  day 022  Auto  cost  per  gallon $1.07 

Feed  cost  per  horse  day 32 

AVEBAGE  OOSTS  PeB  HORSE  DaY 

Overhead $0.10 

Management  salary 04 

Parts  and  supplies 03 

Auto — gals.  X  cost  per  gal 02 

Feed 32 


Gross  cost $0.51 

Credits  (inventory  increase,  sales) 08 


Net  cost  per  horse  day $0.43 
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TABLE  NO.  5 

Variations  in  Horse  Costs 

Cost 

Cost 

Cost 

Cost 

anch 

per  day 

per  head 

Ranch 

per  day 

per  head 

V    

$0.24 

25 

$9.25 

K    

.  $0.39 

$5.29 
9.12 

X  

5.50 

D  

.       .40 

Q  

27 

28.64 

P   ...^ 

.       .42 

10.56 

C  

28 

7.36 

P  

.       .45 

10.73 

N  

.31 

5.19 

G  

.      .58 

18.37 

O   

32 

13.32 

H  

.       .59 

14.75 

K  

33 

10.55 

L  

.      .66 

7.30 

A  

34 

6.55 

I   „... 

.       .67 

18.47 

J    

36 

12.97 

Z   

.       .69 

17.36 

B  

37 

8.41 

T   

.       .78 

16.72 

The  cost  of  a  horse  day  varies  from  $0.24  to  $0.78  per  day,  with  an 
average  of  $0.43.  This  difference  is  caused  by  variations  in  methods 
of  handling  and  feeding,  and  in  the  number  of  horses  carried.  The 
total  number  of  horses  carried  consists  of  work  stock,  saddle  stock, 
breeding  stock,  and  colts  coming  on  in  numbers  sufficient  to  fulfill 
replacement  requirements,  except  in  one  or  two  cases.  Considering 
all  horses  carried  by  the  ranch,  each  horse  would  work  only  twenty- 
two  days  during  the  year.    Each  horse  that  is  actually  used  sometime 
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d.iiring  the  year  works  approximately  forty  full  days  and  is  carried 
the  rest  of  the  year.  Many  teams  are  changed  at  noon  and  replace- 
ments are  provided,  all  of  which  tends  to  decrease  the  days  worked 
per  horse.  The  very  nature  of  the  ranch  operation  makes  it  necessary 
to  have  available  a  considerable  number  of  horses  to  take  care  of  sea- 
sonal operations,  such  as  haying  and  rodeo  work.  When  these  seasonal 
uses  are  past  there  is  demand  for  only  a  few  head  of  horses,  the  others 
remaining  idle  the  rest  of  the  year ;  this  naturally  increases  horse  cost. 

Horse  costs  on  these  ranches  run  from  $5.19  to  $28.64  per  head, 
averaging  $11.60,  a  figure  which  warrants  real  consideration  when 
planning  the  actual  number  of  horses  required  to  operate  the  ranch 
and  fulfill  replacement  requirements. 

The  income  from  horses  is  exceedingly  small.  In  recent  years  the 
only  dependable  outlet  has  been  the  sale  of  chicken  feed  horses  at  from 
$2.50  to  $7  per  head.  Under  present  conditions  it  does  not  pay  to 
carry  more  horses  than  are  actually  needed  to  operate  the  ranch.  Addi- 
tional horses  take  the  place  and  consume  the  feed  that  would  carry  a 


Fig.  7.    Shoeing  Colts  for  the  Bound-up. 

few  more  good  cattle.  It  is  significant  to  note  that  one  outfit  runs 
1,400  head  of  cattle,  and  produces  an  average  of  1,200  tons  of  hay, 
with  approximately  the  same  number  of  horses  as  does  another  ranch 
running  300  head  of  cattle  and  producing  250  tons  of  hay.  The  income 
from  sales  of  horses  in  both  instances  was  negligible. 

MAJOR  ACCOUNTS 

The  following  major  accounts  are  given  on  a  cow  unit  basis  and  go 
to  make  up  the  final  carrying  cost  of  cattle : 
HandUng  Cattle  Account. 

This  account  consists  of  the  costs  of  riding,  branding,  vaccinating, 
and  dehorning.  physical  Data 

Variable  Factors  Unit  Costs 

Labor  days  per  cow  unit 36  Labor  cost  per  day $2.21 

Board  days  per  cow  unit 36  Board  cost  per  day 1.33^ 

Auto  gaUons  per  cow  unit 114  Auto  cost  per  gallon 1.07 

Horse  days  per  cow  unit 37  Horse  cost  per  day 43- 
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Average  Costs  Per  Cow  Unit 

Overhead ^ - $0.61 

Labor — days  x  cost  per  day 80 

Management  salary 27 

Labor  insurance 02 

Board — days  x  cost  per  day 48 

Parts  and  supplies 09 

Auto — ^gallons  x  cost  per  gallon 12 

Horses — days  x  cost  per  day 16 

Total  cost  per  cow  unit $2.55 

Chart  Number  6 
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TABLE  NO.  6 

Variations  in  Handling  Cattle  Oosta 

Cost  per 

Cost  per 

Ranch 

cow  unit 

Ranch 

cow  unit 

E  

$1.40 

P   

$2.41 

N  

1.66 

K  

2.83 

O  

1.80 

J    

2.95 

Z   

1.89 

B  > 

2.98 

c 

^ 1.97 

H  

3.00 

F  

2.01 

G  

3.31 

A  

2.13 

L  

3.56 

D  

2.18 

T  

4.03 

X  

2.32 

I  

4,21 

V  

2.32 

Q 

4.63 
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Handling  cattle  cost  varies  from  $1.40  to  $4.63,  with  an  average  of 
$2.55  per  cow  unit.    Man  days  and  horse  days  spent  handling  cattle 

range  from  one-sixth  to  one  day.  averaging  approximately  oiu^-third  of 
a  day  per  cow  xinit.  I 

In  a  large  measure  differences  are  due  to/ the  set-up  of  various 


Fig.  8.    A  Bound-up  on  the  Range. 

ranches.     Location  and  distance  from  ranch  to  range  also  have  a 
considerable  bearing  on  this  cost.    Poor  ranges  necessitate  more  han- 


Fig.  9.    Branding  Calves. 

dling  to  effect  equal  distribution  among  classes  of  cattle  that  can  best 
withstand  the  feed  shortage  encountered.  Water  troughs  on  the  range 
facilitate  better  distribution  of  cattle.  Small  springs  can  be  developed 
to  provide  more  water  than  they  will  produce  in  their  natural  state. 
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More  work  of  this  kind  should  be  done,  especially  on  open  grazing  land. 
Quantity  of  water  and  distance  between  watering  places  have  a  direct 
bearing  on  beneficial  use  of  feed  and  range  conservation. 

Long  drives  are  hard  on  all  classes  of  cattle,  particularly  on  fat  beef 
cattle  going  to  market.  From  fifteen  to  twenty  miles  a  day  is  suflBcient 
for  stock  cattle,  depending  on  the  class  and  the  total  length  of  drive. 
Beef  cattle  should  be  handled  with  the  utmost  care  and  driven  not  to 
exceed  twelve  miles  a  day  to  insure  delivery  in  good  condition.  Han- 
dling cattle  is  an  art  and  becomes  second  nature  to  some  men.  A  few 
disregard  the  natural  habits  and  tendencies  of  the  cow  brute,  suffering 
the  consequences  of  poor  condition,  loss  in  weight,  and  lower  price. 

Elaborate  corral  equipment  is  not  necessary,  since  cattle  are  only 
handled  in  the  corrals  for  dehorning,  weaning,  and  occasionally  for 
branding.  However,  a  few  strongly  built  corrals  conveniently  arranged 
are  a  great  asset  to  the  ranch.  Type  of  construction  is  usually  governed 
by  supply  and  cost  of  available  material.  Simplicity,  strength,  and 
arrangement  should  be  given  first  consideration  in  planning  construc- 
tion. 

Cattle  costs  on  some  ranches  are  increased  purposely  to  effect  better 
methods  of  handling  while  under  fence  during  the  fall  and  winter 
months.  The  cattle  are  classed  up  for  pasture  and  winter  feeding. 
Cows  and  calves,  yearling  steers,  yearling  heifers,  calfy  cows,  weaners, 
and  dry  stuff  are  put  in  separate  fields  or  feed  lots.  They  are  watched 
carefully,  enough  bulls  are  placed  with  the  cows,  and  all  weak  stuff  put 
by  themselves  and  provided  shelter  and  extra  feed.  Some  increase  in 
handling  costs  for  these  purposes  appears  entirely  warranted  and  in 
the  long  run  cuts  down  death  loss  and  produces  a  higher  return. 

Feeding  Cattle. 

This  account  consists  of  the  cost  of  hauling  and  scattering  hay  and 
concentrates  to  cattle  during  the  winter  months. 

Physical  Data 
VatHahle  Factors  Unit  Costs 

Labor  days  per  cow  unit 35  Labor  cost  per  day $1,794 

Board  days  per  cow  unit 35  Board  cost  per  day 133 

Auto  gaHons  per  cow  unit 108  Auto  cost  per  gallon 1-0' 

Horse  days  per  cow  unit 494  Horse  cost  per  day 43 

Average  Costs  Per  Cow  Unit 

Overhead ^ _..  $0.18 

Labor — days  x  cost  per  day 62 

Management  salary 26 

Labor  insurance 02 

Board — days  x  cost  per  day 47 

Parts  and  supplies 09 

Auto — gallons  x  cost  per  gallon 12 

Horses — days  x  cost  per  day .21 


Total  cost  per  cow  unit $1.97 

The  cost  of  feeding  cattle  per  cow  unit  varies  from  $1.14  to  $3.74, 
averaging  $1.97.  Feeding  cattle  required  from  one-fifth  to  three-fifths 
labor  days.  The  average  is  slightly  over  one-third  of  a  labor  day  P«r 
cow  unit.  Labor  days  feeding  were  approximately  double  on  ranches 
where  less  than  400  head  of  cattle  were  wintered,  as  compared  with 
the  larger  herds  where  feeding  operations  were  more  concentrated. 
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Feeding  days  per  cow  unit  were  above  the  average  on  small  ranches, 
and  on  large  outfits  with  scattered  properties.  The  number  o£  horse 
days  per  cow  unit  feeding  cattle  presented  a  similar  condition. 
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TABLE  NO.  7 

Variations  in  the  Cost  of  Feeding  Cattle 

Ck)8tper 

Cost  per 

Etnch 

cow  unit 

Ranch 

cow  unit 

N  

$1.14 

J    

....  $2.06 

0  

1.35 

D  

....     2.07 

A  

1.39 

F  

....     2.08 

V  

1.44 

H  

....     2.11 

E  

1.53 

G  

....     2.20 

B  

1.70 

K  

....     2.23 

Q  

1.79 

Z  

....     2.32 

X 

1.79 

T  

...     3.00 

0  

1.91 

I  

....     3.64 

p 

1.93 

L  

....     3.74 

The  relation  of  feed  grounds  to  hay  supply  and  the  number  of  cattle 
fed  per  man  are  factors  exerting  the  greatest  influence  on  feeding  costs. 
Under  average  conditions,  with  stack  yards  and  feed  grounds  conveni- 
ently located,  one  man  can  feed  and  take  care  of  around  four  hundred 
stock  cattle  during  the  hardest  winter  months,  when  hay  comprises 
practically  the  entire  ration.  The  figure  varies  in  different  localities 
due  to  the  amount  of  pasture  browse  available.    In  light  snow  districts 
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under  good  conditions  one  feeder  can  care  for  a  larger  number.  On 
the  other  hand,  if  the  feed  grounds  are  widely  scattered  and  each  man 
is  not  given  enough  cattle  for  a  full  day's  work  the  cost  goes  up. 

Ordinarily  the  larger  cattle  outfits  which  are  able  to  place  sizeable 
bunches  of  the  several  classes  of  cattle  in  separate  feed  lots  reduce  their 
feeding  cost.  Location,  hay  and  water  supply  available,  and  class  and 
number  to  be  fed  often  make  it  impossible  to  provide  each  feeder  a  full 
day's  work.  Feed  grounds  conveniently  located  and  providing  plenty 
of  good  water  and  natural  shelter  are  a  great  asset  to  a  cattle  ranch. 
Feeds  for  Cattle. 

This  account  consists  of  the  amounts  and  costs  of  hay,  grain,  eoncen- 


Fig.  10.    Hauling  Hay  to  Cattle. 

trates,  and  salt  consumed  by  cattle,  together  with  pasture  and  grazing 

^^^*-  Physical  Data 

Unit  Costs 
Ilay  cost  per  ton $0,075 


Vanahle  Factors 

Hay  fed  per  cow  unit 94  tons 

Grain  fed  per  cow  unit 3.70  lbs. 

Cottoncalce  and  other  con- 
centrates fed  per  cow 
unit 44.72  lbs. 

Salt  fed  per  cow  unit 7.08  lbs. 


Grain  cost  per  lb 015 

Cottoncake  and  other  concen- 
trate cost  per  lb S^ 

Salt  cost  per  lb 01 


A\'ERAGE  Costs  Per  Oow  Unit  of  Feeds  fob  Cattle 

Hay — tons  fed  x  cost  per  ton $5.71 

Grain — lbs.  fed  x  cost  per  lb 06 

Concentrates — lbs.  fed  x  cost  per  lb 1.03 

Salt — lbs.  fed  x  cost  per  lb 07 


Cost  of  hand  feeds  consumed  by  cattle $7.87 

Pasture  and  grazing $1.42 

Forest  fees  (allocated  to  all  cattle) 16 


Total  pasture  and  grazing  cost 1.58 


Total  cost  of  feeds  for  cattle $8.45 
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On  an  average  each  mature  cow  consumed  $8.45  worth  of  feed  during 
the  course  of  a  year.  Pasture  costs  are  pretty  well  fixed,  one  year  with 
another.  Ranchers  who  own  large  tracts  of  pasture  and  grazing  lands 
have  high  pasture  costs.  Those  with  sizeable  areas  leased  likewise  run 
high.  Outfits  owning  a  minimum  amount  of  land  with  available  public 
range  have  comparatively  low  grazing  costs.  Most  of  the  concentrates 
fed  cattle  are  purchased.  In  drouthy  years  large  quantities  are  fed,  the 
cost  depending  upon  market  price.  The  hay  fed  is  largely  ranch  pro- 
duced and  comprises  the  bulk  of  the  ration.  Accordingly,  the  produc- 
tion cost  of  hay  and  the  amount  fed  are  two  important  items  that  must 
be  given  special  consideration,  if  feed  costs  are  to  be  held  to  a  minimum 
consistent  with  economic  cattle  production. 
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TABLE  NO.  8 
Variations  Per  Oow  Unit  in  tlie  Cost  of  Feeds  for  Cattle 

Pasture  Pasture 

and  Salt  and  and  Salt  and 

Ranch   Hay  Cake  F.fees  srrain  ToUl  Ranch   Hay  Cake  F.fees  srain  Total 

C   $3.69  $0.16  $1.07  $0.06  $4.97  F  $6.83  $0.20  $1.37  $0.06  $8.« 

A  8.93        1.88  .16  5.47  D  7.06  .10  1.59  .16  8.» 

E  ^.  4.84  .61         1.06  .10  6.00  L  7.29  .08  1.68  .08  8.97 

Q  4.65        1.52  .16  6.88  G 7.07  1.11  1.66  .11  9.85 

N  8.64  1.88        l.Ol         6.43  K  7.59  .09  2.02  .31  10.01 

O  5.26  .46         1.08          6.79  J  7.84  .45  1.57  .24  10.10 

V  4.08  2.41         1.07  .08  7.59  I  7.61  .80  2.13  .36  10.90 

P  5.80  .25        1.66  .09  7.68  H  7.57  .48  2.91  .08  1L04 

Z    4.72  .92        1.88  .21  7.68  X  7.65  1.99  1.68  .36  11.64 

B   5.67  .42        1.73  .06  7.78  T  6.86  8.11  2.79  .06  12.81 

The  costs  at  which  hay  and  grain  consumed  by  cattle  are  charged 
into  this  account  vary  somewhat  from  production  cost  because  a  per- 
centage of  such  feeds  was  purchased  at  prices  below  or  above  produc- 
tion costs. 

In  Chart  No.  8  the  total  feed  cost  per  cow  unit  varies  from  $4.97  to 
$12.31,  averaging  $8.45.  Since  pasture  costs  are  figured  on  the  same 
basis  for  all  ranches  and  the  price  paid  for  grain,  salt,  forest  fees  and 
cottonseed  cake  is  approximately  the  same,  the  differences  in  these 
costs  per  cow  unit  are  due  to  the  amounts  fed  and  not  to  variations  in 
price.  However,  the  cost  of  hay  per  cow  unit  depends  upon  differences 
in  hay  production  costs  as  well  as  in  amounts  fed ;  therefore  the  tons 
of  hay  fed  per  cow  unit  have  also  been  charted  in  order  to  give  a  more 
complete  picture  of  the  conditions.  For  instance,  ranch  V  feeds  half 
as  much  hay  as  A,  yet  the  cost  per  cow  unit  is  the  same.  Ranch  T  feeds 
only  one-fourth  of  a  ton  per  cow  unit,  yet  the  hay  cost  is  high,  due  to 
a  high  hay  production  cost. 

Because  of  the  great  difference  in  the  amount  of  feeds  per  cow  unit, 
the  following  table  has  been  included. 

Variations  in  Amounts  of  Feed  for  Cattle 

. Majority  or  Ranches . 

Low  From  To  High 

Hay  fed  per  cow  unit,  tons 29  .72  1.30  1.66 

Grain  fed  per  cow  unit,  Ibe . —  8.69  16.99 

Cake  fed  per  cow  unit,  lbs 8.26  68.74  184.12 

Salt  fed  per  cow  unit,  lbs ^  .08  8.76  9.97  14.80 

Feed  consumed  by  cattle  represents  the  largest  single  item  which 
enters  into  carrying  cost  per  cow  unit.  The  amount  fed  depends  upon 
the  locality,  length  of  grazing  season,  and  weather  conditions.  A  good 
many  outfits  bordering  the  desert  feed  from  one-third  to  three-fourths 
of  a  ton  of  hay  per  cow  unit.  They  are  favorably  located  in  this 
respect,  being  able  to  graze  on  the  desert  during  the  winter  months, 
and  on  the  higher  elevations  in  the  summer.  Ranches  in  the  higher 
elevations  feed  from  three-fourths  to  one  and  one-half  tons  per  cow 
unit,  depending  upon  location  and  length  of  winter  feeding  season. 
Hay  is  supplemented  with  grain  and  cottoncake  on  many  ranches, 
especially  in  short  crop  years.  As  a  rule  cattle  are  classified  and 
concentrates  are  fed  to  weaners,  calfy  heifers  or  thin  stuff. 

To  set  a  definite  amount  of  feed  necessary  to  carry  a  cow  unit  is 
not  practical  due  to  the  many  changing  conditions.  However,  as  a 
measure  of  safety  ranchers  on  the  higher  elevations  find  it  advisable 
to  make  provision  for  at  least  one  ton  of  hay  per  cow  unit,  or  its  equiva- 
lent in  hay  and  concentrates.  Those  in  milder  sections  of  the  country 
are  generally  quite  safe  if  they  provide  some  concentrates  and  half  a 
ton  of  hay  per  cow  unit. 
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The  amount  of  salt  required  is  largely  a  matter  of  opinion  among 
ranchers.  In  some  sections  of  the  country,  particularly  in  desert  or 
lake-bottom  regions,  even  though  cattle  are  given  free  access  to  salt  at 
all  times  very  little  salt  is  consumed.  Outfits  on  the  higher  elevations 
with  pastures  and  hay  fields  well  irrigated  and  well  drained  find  that 
cattle  have  a  craving  for  salt  and  consume  it  readily  in  much  larger 
amounts  than  cattle  on  low  lands. 

Pasture  and  grazing  costs  are  largely  dependent  upon  availability  of 
public  range  and  the  carrying  capacity  of  the  ranch  proper.  Grazing 
and  hand  feeding  are  so  interrelated  that  it  is  difficult  to  draw  con- 
clusions separately.  Ranches  with  low  grazing  and  pasture  capacities 
are  compelled  to  do  more  hand  feeding. 

The  location,  the  productivity  of  ranch  and  range,  and  the  amount 
of  owned  land  determine  in  a  large  measure  the  differences  between 
feed  costs  per  unit.  As  a  general  rule  ranches  with  low  year-round 
feed  costs  have  comparatively  low  cattle  production  costs.  Feed  outlay 
is  a  heavy  expense  especially  if  much  hand  feeding  is  done.  Many 
ranchers  go  on  the  principle  that  hay  in  the  stack  is  the  same  as  money 


Fig.  11.    Growing  Out  Weaner  Steers. 

in  the  bank.  They  guard  it,  feed  cautiously,  and  take  advantage  of 
every  opportunity  to  save  hay.  Their  cattle  go  to  the  range  in  fair 
condition.  In  the  long  run  those  who  practice  this  principle  are  best 
prepared  for  a  long  heavy  winter,  and  apparently  come  out  best  in  the 
end.  Other  outfits  feed  heavily  and  even  buy  hay  to  do  it.  Their 
cattle  are  in  extra  good  condition  when  turned  to  the  range.  They 
usually  carry  more  finish  when  marketed,  but  it  is  doubtful  if  the  extra 
weight  and  slight  price  spread  pay  for  the  additional  cost.  In  short 
crop  years  such  an  outfit  cuts  heavily  into  its  herd  at  market  time  in 
order  to  balance  up  cattle  with  available  hay  supply.  Prices  under 
those  conditions  are  low  and  receipts  discouraging.  The  rancher  with 
hay  in  reserve  sells  lightly  under  these  conditions.  When  good  years 
come  and  demand  is  keen  he  cuts  and  trims  his  herd,  holding  only  his 
constant  number  of  good  age  breeding  cows  and  yearling  and  weaner 
steers. 

The  most  general  practice  consists  of  feeding  stock  cattle  heaviest 
the  fore  part  of  the  winter.  Cattle  have  a  keen  appetite  for  hay  then, 
consume  more,  become  strong  and  are  prepared  for  severe  weather. 
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During  that  period  they  are  usually  fed  all  they  will  clean  up  without 
waste.  Later  in  the  season  the  ration  can  be  cut  down  considerably, 
depending  on  weather  conditions.  Some  successful  stockmen  feed 
heavily  for  a  month  or  so  during  heavy  weather  and  then  cut  to  a 
maintenance  ration  of  hay  and  cured  grass  with  good  results. 

Cows,  calves,  and  young  stock  should  be  given  the  best  hay  on  the 
ranch.  If  possible,  alfalfa  or  clover  hay  should  be  worked  into  their 
ration.  When  these  crops  are  not  available  on  the  ranch  some  oper- 
ators supplement  their  grass  hay  with  a  one  or  two  pound  ration  of 
protein  concentrates  for  calves  and  weak  stock. 

Feeding  a  light  ration  of  concentrates  to  young  animals  is  quite 
general  and  worthy  of  consideration.  It  helps  grow  them  out,  slicks 
them  up  and  they  mature  at  an  earlier  age.  Wintering  cattle  on  con- 
centrates along  with  ample  rough  forage  is  practiced  on  some  ranches. 
This  runs  into  money  and  should  be  well  planned  before  being  attempted 
by  the  average  rancher. 

General  Ranch. 

The  general  ranch  account  consists  of  all  costs  involved  in  producing 
small  livestock  (sheep,  hogs,  poultry,  etc.),  grain,  and  home  grown  food 
supplies. 

Credits  and  charges  for  the  enterprises  involved  are  made  covering 
sales  at  sale  price,  inventory  changes,  livestock  feeds  and  produce  con- 
sumed at  production  cost  (Appendix  1-8).  XJrain  fed  cattle,  food 
produce  consumed  in  board,  etc.,  are  sold  to  those  accounts  at  produc- 
tion cost  and,  since  their  production  cost  is  already  in  the  general 
ranch  account,  their  receipts  are  credited  to  this  account.  When  all 
pertinent  charges  and  credits  are  accounted  for,  the  remainder  repre- 
sents the  net  general  ranch  cost  chargeable  to  the  production  of  cattle. 

Physical  Data 
Variahle  Factors  Unit  Costs 

Labor  days  per  cow  unit 553  Labor  cost  per  day $1,926 

Board  days  per  cow  unit 553  Board  cost  per  day 1.33 

Auto  gaUons  per  cow  unit 122  Auto  cost  per  gallon 1.07 

Horse  days  per  cow  unit 30  Horse  cost  per  day 43 

Average  Cost  of  General  Ranch  Per  Cow  Unit 

Overhead $0.30 

Labor — days  x  cost  per  day 1.06 

Management  salary 27 

Labor  insurance 02 

Board — days  x  cost  per  day 74 

Parts  and  supplies 15 

Automobile — gallons  x  cost  per  gallon. 13 

Horses — days  x  cost  per  day 16 

Cost  of  produced  food  and  grain  on  hand  Jan.  1..      .47 
Feed  consumed  by  small  livestock :22 


Gross  cost  per  cow  unit _ $3.52 

Produced  food  consumed  and  on  hand  Dec.  31..  $0.43 
Produced  grain  fed,  sold,  and  on  hand  Dec.  31 65 


f  Inventory  increase  in  small  livestock 15 


Total  credits  per  cow  unit 1.23 


Net  cost  of  general  ranch  per  cow  unit $2.29 
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VARIATIONS  IN  COST  PER  COW  UNIT 
oF  GENERAL  RANCH 
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TABLE  NO.  9 
Variations  in  General  Ranch  Cost  Per  Cow  Unit 


anch 

Credits 

Net  cost 

Ranch 

Gross  cost 

Credits 

Net  cost 

E  

$2.35 

$1.32 

$1.03 

F   .... 

$3.37 

$0.65 

$2.72 

V  

1.25 

.08 

1.22 

H  .. 

4.19 

1.43 

2.76 

P  

1.89 

.44 

1.45 

Q   .. 

4.69 

1.90 

2.79 

X  

2.21 

.69 

1.52 

N  .... 

3.86 

.77 

8.09 

B   

2.02 

.44 

1.58 

O  .. 

4.35 

1.07 

3.28 

K  

4.93 

3.13 

1.80 

G   .. 

3.80 

.48 

8.32 

Z    

4.35 

2.12 

2.23 

A 

4.93 

1.61 

3.42 

J    

6.38 

3.02 

2.36 

I    .. 

.  ..     9.88 

5.98 

8.90 

c   

3.20 

.74 

2.46 

T   ... 

4.18 

.21 

3.97 

D  

5.11 

2.41 

2.70 

L   . ... 

11.27 

4.53 

6.74 

The  net  general  ranch  cost  per  cow  unit  varies  from  $1.03  to  $6.74, 
averaging  $2.29. 

Outfits  of  a  diversified  type  which  produce  grain,  small  livestock, 
and  ranch  food  supplies  ordinarily  have  a  comparatively  high  general 
ranch  cost,  with  relatively  high  credits.  As  a  rule,  grain  production 
is  practiced  by  valley  ranchers  with  inadequate  cattle  range.  The 
grain  is  largely  fed  to  livestock  as  a  means  of  offsetting  range  defici- 
ency. Grain  production  causes  the  greatest  difference  in  gross  general 
ranch  costs.  When  good  grain  crops  are  produced  the  diversified  type 
of  ranch  is  able  to  hold  general  ranch  costs  pretty  well  in  line  with 
those  of  the  straight  grass  ranch.     During  dry  years  such  a  rancher 
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is  confronted  with  a  higher  cost,  for  in  addition  to  purchasing  feeds, 
his  efforts  and  costs  in  producing  grain  are  largely  lost  due  to  crop 
failure. 
Not  many  range  cattle  ranches  capable  of  grain  production  are 


Fig.  12.    VaUey  Ranch  Suited  to  Grain  Production. 

located  in  a  good  grass  country.  Grain  is  planted  only  when  conditions 
are  extremely  favorable.  Usually  a  bumper  crop  is  harvested  and 
stored  as  a  reserve  feed  for  livestock.  The  supply  may  last  for  two 
or  three  years  before  being  consumed. 


Fig.  13.    Threshing  Outfit  in  Operation. 

The  production  of  hogs,  sheep,  and  poultry  is  undertaken  mostly  by 
the  small  operators.  They  do  not  have  enough  cattle  to  occupy  their 
entire  attention,  the  revenue  from  them  usually  is  insuflScient  to  carry 
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the  ranch,  and  they  work  in  sideline  enterprises  the  better  to  balance 
their  operation.    On  the  smaller  ranches  this  is  entirely  justified. 

CATTLE  CASBYIKa  COST 

This  account  is  a  recapitulation  of  all  pertinent  costs  in  connection 
with  the  operation  of  the  ranch.  The  accounts  which  make  up  carrying 
cost  have  been  presented  and  explained  separately.  The  purchased 
breeding  stock  cost  listed  below  represents  the  difference  between  pur- 
chase price  and  production  cost  of  breeding  cows  and  heifers,  which  is 
spread  over  their  probable  useful  life.  Credits  listed  below  are  general 
ranch  credits,  previously  explained,  and  ranch  produced  bull  calves 
sold  to  the  bull  account.  Such  bulls  are  credited  to  carrying  cost  since 
their  cost  is  charged  to  the  bull  account.  Net  carrying  cost  per  cow 
unit  is  the  cost  of  supporting  a  cow  unit  on  the  ranch  a  full  year. 

Average  Carrying  Cost  Per  Cow  Unit 

f       i  r   ir  rf  f  I    i  I   I   H  ri  I 

Si  I      8       i        5,    Pi 


f 


•        I        I        cs 


Handling  cattle $0.61    $0.80    $0.27    $0.02    $0.48    $0.09     $0.12    $0.16     -     $2.56 

Feeding  cattie. 18       .62        .26        .02        .47        .09    12       .21     1.97 

Feeds  for  cattle......  $8.45    ..„ 8.46 

General  ranch. .80      1.06       .27       .02        .74       .16    18       .16    $0.47    $0.22      8.52 

Purchased  stock 01     „ 01 


Total  charsee ^  $1.10    $2.48    $0.80   $0.06    $1.69    $0.83    $8.45    $0.87    $0.53   $0.47    $0.22  $16.50 

CrediU — 

General  ranch  credits $1.28 

Produced  bulls  to  bull  account „ 39 


Total  credits 1.62 


Net  carrjrins:  cost „ ~ -    $14.88 

In  reading  these  figures  it  must  be  remembered  that  these  direct 
charges  are  not  necessarily  the  total  cost  of  the  minor  accounts.  For 
example,  the  average  auto  cost  per  cow  unit  was  given  as  $1.04  under 
the  automobile  account.  Only  $0.37  is  shown  here.  The  reason  for 
this  is  that  the  automobile  has  also  been  charged  into  board,  horses, 
cost  of  feed,  etc.,  and  makes  up  part  of  each  of  these  accounts.  Out 
of  the  $1.04,  cost  of  the  automobile  per  cow  unit,  $0.37  is  shown  as  a 
direct  charge,  $0.16  was  charged  to  pleasure,  and  approximately  $0.16 
was  included  in  hay,  under  feed,  leaving  $0.35  scattered  among  the 
other  minor  accounts.  This  same  principle  applies  to  other  figures 
given  above. 

Cattle  carrying  cost  varies  from  $9.97  to  $23.02  with  an  average  of 
$14.88  per  cow  unit.  Variations  between  carrying  costs  are  due  to  the 
general  set-up  of  the  ranch  which  involves  location,  productivity,  size, 
and  balance,  together  with  management  practices  and  efficiency. 

Carrying  cost  variations  are  charted  herein,  showing  the  cost  range 
and  the  several  accounts  which  make  up  this  total  cost.  The  same  chart 
also  shows  the  average  of  each  .account  that  goes  to  make  up  the  carry- 
ing cost  per  head.  These  accounts  are  General  Ranch,  Feeds  for  Cattle, 
Feeding  Cattle  and  Handling  Cattle  and  they  warrant  strict  attention 
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and  careful  supervision.  The  cost  of  feed  consumed  by  cattle  is  the  one 
big  item  to  be  watched.  It  is  dependent  upon  the  amount  of  hand 
feeds,  pasture  and  grazing  forage  consumed  by  cattle  and  their  costs, 
whether  purchased  or  produced.  It  is  practically  impossible  to  offset 
excessive  feed  costs,  even  though  rigid  economy  and  eflScient  manage- 
ment are  practiced  in  other  ranch  accounts. 

A  comparatively  low  carrying  cost  is  a  decided  aid  to  success  in 
the  cattle  business.  To  effect  a  low  carrying  cost  necessitates  close 
supervision  of  all  contributing  ranch  accounts.  A  proposed  change 
in  practice  which  means  additional  cost  should  always  be  thoroughly 
investigated.  Such  a  change  should  give  real  promise  of  added  reve- 
nue over  and  above  cost  before  being  attempted.  Depending  upon 
the  circumstances  surrounding  the  set-up  of  every  ranch  there  is  a 
definite  way  of  operation  which  will  bring  maximum  returns.  The 
problem  resolves  itself  into  management  efi&ciency  of  individual  ranches. 

Chart  Number  10 


VARIATIONS  IN  THE  ANNUAL  CARRYING  COST 
PER  COW  UNIT 
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Ranch 

E    _... 

c 

Variatio] 

Handling 
cattle 

^  $1.40 

1.97 

TABT^  NO.  10 
OS  in  Carrying  Costs  Per  Cow  Unit 

Feedlnsr      Feeds  for      General        Groes 
cattle           cattle           ranch           cost 
$1.58            $6.00            $2.86          $11.28 
1.36               4.97                3.20             11.49 
1.14               6.43               8.86             18.09 
1.89               5.47               4.98             18.98 
1.44               7.59               1.25             12.61 
1.98               7.68               1.89             18.91 
1.91               6.79               4.86             14.85 
2.32               7.68               4.86             16.24 
1.76               7.78               2.02             14.64 
2.08               8.46               8.87             15.92 
2.28             10.01                4.98             20.01 
1.79               6.88               4.69             17.44 
2.07               8.89               6.11             18.25 
1.79             11.64               2.21             17.96 
2.06             10.10               6.38             20.50 
2.20               9.86               8.80             19.17 
2.12             11.04               4.19             20.85 
8.00             12.80               4.18             23.51 
8.68             10.91               9.88             28.68 
8.74               8.97             11.27             27.55 
$1.97             $8.46             $8.52           $16.50 

Total 

credits 

$1.81 

.76 

.76 

1.51 

.04 

.84 

1.07 

2.27 

.44 

1.01 

4.99 

2.04 

2.41 

1.44 

8.49 

.48 

1.48 

4.86 

5.98 

4.58 

$1.62 

Net 
cost 
$9.97 
10  74 

N 

1.66 

12.88 

A    

V    

p 

-     2.14 

_ „....     2.83 

2.41 

12.42 
12.57 
18.07 

o    

z               

-     1.80 

1.89 

18.78 
18.97 

B    _ 

2.98 

14.10 

F     

K    

„     2.01 

„.._     2.84 

_     4.68 

2.18 

14.91 
15.02 
15.40 
15.84 

X    

J 

_     2.82 

2.96 

16.52 
17.01 

G    

H           

-    8.81 

8.00 

18.69 
18.92 

T    

I     

L    

Average  

4.08 

-     4.2JL 

„     8.57 

- $2.66 

19.15 

22.66 

28.02 

$14.88 

BULL  COSTS 

A  bull  represents  one  and  one-half  cow  units.  Bull  carrying  cost  is 
computed  on  that  basis.  Bull  calves  are  appreciated  in  value  until  two 
years  old  on  the  basis  of  carrying  cost  and  the  period  of  time  required 
to  grow  them  out.  Mature  bulls  are  depreciated  on  the  basis  of  cost, 
years  of  use,  and  salvage  value,  taking  death  loss  and  sales  into  account. 
For  the  1928-1930  period  salvage  value  of  slaughter  bulls  was  calcu- 
lated at  $80  and  of  serviceable  bulls  $110.  The  investment  in  bulls  is 
computed  from  the  bull  inventory,  which  takes  into  account  cost,  appre- 
ciation, and  depreciation,  and  presents  the  average  value  for  all  ages. 

Average  BpU  Costs 

Carrylnj?  cost  per  head  Ccost  per  cow  unit  x  li) $22.32 

Depreciation  and  death  loss  per  head 11.53 

Bull  maintenance  cost  per  head $33.S5 

Bull  cost  per  breeding  cow $1.79 

Bull  cost  per  calf  branded 2.80 

Average  investment  per  head  (all  ages) 122.7G 

The  majority  of  ranches  run  from  21  to  37  breeding  cows  per  bull  of 
serviceable  age,  with  an  average  of  24.  Twenty-two  per  cent  of  the 
bulls  carried  on  the  ranches  are  young  bulls  being  grown  out  for  later 
service.  Ranchers  who  supply  one  good  serviceable  bull  to  approxi- 
mately 25  breeding  cows  get  the  best  calf  crops.  Some  outfits  have 
more  bulls  than  necessarj^  counting  old  bulls  unfit  for  efficient  service ; 
others  have  far  too  few  of  serviceable  age  and  condition  for  best  results. 
Approximately  10%  of  the  bulls  of  serviceable  age  were  seven  years 
old  or  over.  Bull  maintenance  cost  per  head  on  most  ranches  runs  from 
$24  to  $38,  with  an  average  of  $33.85.  This  cost  is  dependent  upon 
original  cost,  carrjnng  cost,  depreciation  and  death  loss. 

On  most  ranches  bull  cost  per  breeding  cow  runs  from  $1  to  $2.50, 
the  average  being  $1.79.  Bull  cost  per  calf  branded  ranges  from  $1.50 
to  $3.24  on  the  majority  of  ranches,  the  average  being  $2.80.  It  is 
practically  impossible  to  establish  definite  causes  for  variations  in  bull 
cost  per  cow  and  bull  cost  per  calf  as  between  different  ranches,  since 
the  cattle  range  in  common  and  stockmen  who  do  not  provide  enough 
bulls  get  the  benefit  of  bulls  supplied  by  others. 
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Bull  cost  is  an  expensive  item  on  a  cattle  ranch.  The  bull  herd 
requires  constant  attention  to  keep  it  in  maximum  working  order. 
For  best  results  bull  replacements  should  be  made  frequently.  Fre- 
quent bull  replacements  accomplish  the  following  purposes  which 
affect  maximum  service. 

1.  The  bulls  are  easier  to  handle  and  become  accustomed  to  the  range 
quickly. 

2.  There  is  a  better  distribution  of  young  and  old  bulls  for  range 
and  pasture  breeding. 

3.  The  percentage  of  death  loss  is  reduced. 

4.  A  smaller  outlay  of  money  at  one  time  is  required. 

A  sufficient  number  of  good  bulls  of  the  right  type  for  range  use  are 


Fig.  14.    A  Good  Range  Bull. 

essential  for  the  efficient  production  of  cattle.    A  good  point  to  remem- 
ber is  that  the  bulls  are  half  the  herd. 

DEATH  LOSS 

Death  loss  is  the  percentage  of  cattle  dead  or  missing  during  the 
year,  computed  by  dividing  the  number  missing  by  the  number  of 
cattle  on  the  ranch  a  full  year  (occupancy  head).  For  the  period 
under  study  death  loss  among  all  cattle  on  the  twenty  ranches  aver- 
aged 3.10  per  cent.  Among  cattle  other  than  bulls  the  average  was 
3.04  per  cent.  Loss  among  bulls  ranged  from  no  death  loss  to  13.6 
per  cent,  the  average  being  5.23  per  cent.  The  big  death  losses  occurred 
among  old  bulls  and  young  bulls  not  thoroughly  acclimated.  The  death 
loss  among  seasoned  bulls  from  three  to  six  years  old  is  apparently  less 
than  that  among  other  stock  cattle. 

Death  loss  is  largely  attributed  to  poor  range,  poisonous  plants, 
disease,  predatory  animals,  and  theft.  On  poor  ranges  death  loss  is 
invariably  high  and  it  is  difficult  if  not  impossible  to  remedy.    Cattle 
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occasionally  are  wintered  well  and  turned  out  on  the  range  in  excel- 
lent condition,  only  to  come  back  in  the  fall  poorer  than  when  they 
left  and  fewer  in  numbers. 

Poisonous  plants  in  some  districts  practically  prohibit  economic 
cattle  production.  On  the  higher  elevations  of  the  Ruby  Mountains 
larkspur  takes  a  heavy  toll  annually. 

Predatory  animals,  with  respect  to  cattle  losses,  are  pretty  well  con- 
trolled. Proof  of  this  is  established  by  the  fact  that  in  districts  well 
fortified  against  losses  from  other  causes  the  death  loss  is  low  and  can 
easily  be  attributed  to  natural  causes. 

Loss  attributed  to  theft  is  a  severe  handicap  to  stockmen  in  certain 
sections  of  the  country.  One  outfit,  during  one  year,  suffered  a  nine 
per  cent  death  loss  when  three  per  cent  should  normally  cover  the 


Fig.  16.    Range  BiQls  in  the  Feed  Lot. 

conditions  under  which  it  operated.  This  percentage  only  accounted 
for  branded  stuff.  The  calf  crop  was  far  under  average  and  this  was 
laid  to  the  theft  of  a  good  many  unbranded  calves.  In  numerous 
instances  cows  were  gathered  with  big  bags  and  no  calf.  Quite  often 
cow  hands  report  finding  evidence  that  an  animal  had  been  slaughtered 
on  the  range.  Occasionally  they  have  identified  the  animal  because  the 
thieves  have  left  the  hide  on  the  range  with  the  offal.  Fortunately 
severe  outbreaks  of  theft  are  periodical.  When  this  condition  becomes 
critical  in  a  district  all  hands  are  on  the  lookout  and  the  thieves  leave 
or  quiet  down  for  a  while. 

Death  loss  fluctuates  somewhat  due  to  the  method  of  running  and 
sale  of  the  cattle.  Some  ranchers  hold  their  old  cows  in  the  field  in 
the  spring,  nurse  them  along  on  good  feed  through  the  summer,  and 
dispose  of  them  all  regardless  of  condition  before  winter  sets  in  again. 
This  practice  cuts  down  death  loss,  though  its  advisability  is  dependent 
upon  available  ranch  pasture,  and  the  difficulty  in  gathering  off  the 
range. 

Trying  to  get  the  last  year  of  service  out  of  an  old  bull  on  the  range 
is  false  economy.  The  death  loss  among  old  bulls  seven  years  and  over 
ran  as  high  as  27.5  per  cent  on  two  different  ranches.     The  average 
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death  loss  among  all  bulls  seven  years  and  over  is  16.5  per  cent.  Old 
bulls  must  be  disposed  of  from  time  to  time.  It  is  better  to  sell  them 
than  lose  them  on  thp  range.  A  good  time  to  sell  bulls  carrying  age 
is  when  prices  are  high  even  though  they  have  another  year  or  so  of 
service  in  them. 

The  average  cowman  readily  understands  these  situations  and  appre- 
ciates that  there  is  considerable  expense  encountered  in  taking  the 


Fig.  16.    A  Steer  Killed  by  Larkspur. 

chances  set  forth  above,  but  few  if  any  actually  realize  the  price  they 
have  paid.  Instances  of  this  nature  are  not  common,  yet  they  are  on 
the  whole  so  frequent  that  almost  every  stockman  of  consequence  has 
had  at  least  one  costly  experience  with  imported  bulls  or  old  timers. 

CAI.F  CROP 

Calf  crop  percentage  is  found  by  dividing  the  number  of  calves 
branded  during  the  year  by  the  number  of  breeding  cows  on  the  ranch 
a  full  year. 

-—Majority  of  Ranches- 
Low  From  To  Hisrh  Averai^e 

Calf  crop  per  cent 50.53        56.92        72.43        84.14        63.92 

There  are  many  causes  for  the  differences  between  good  and  poor 
calf  crops,  and  in  many  cases  it  is  very  difficult  if  not  impossible  to 
overcome  th^m.    Important  factors  that  cause  low  calf  crop  are : 

1.  Inadequate  supply  of  serviceable  bulls. 

2.  Bulls  not  acclimated,  in  poor  condition,  unevenly  distributed,  and 
often  too  old. 

3.  No  provision  made  to  supply  fresh  bulls  for  service  when  cattle 
are  gathered. 
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4.  Cows  not  in  thrifty  breeding  condition  due  to  poor  range,  insuffi- 
cient balanced  winter  rations,  or  a  combination  of  both. 

5.  Heifers  bred  too  soon,  causing  them  in  many  cases  to  skip  a  year 
before  calving  again. 

6.  Big  calves  allowed  to  suck  the  cows,  often  causing  the  cow  to  lose 
her  next  calf,  or  run  down  in  flesh  and  pass  a  year. 

7.  Abortions  and  genital  diseases. 

8.  Losses  due  to  lack  of  care  and  shelter,  especially  true  among  new- 
born calves  in  the  winter  months. 

9.  Keeping  breeding  stock,  calves,  and  mixed  classes  of  cattle  in  the 
same  pasture. 

On  some  ranches  there  is  considerable  loss  of  calves  during  the  winter 
months.  Strictly  wild  hay  ranches,  with  little  shelter,  experience  the 
most  trouble  along  this  line.  The  problem  is  not  easily  solved.  Calves 
dropped  after  November  suffer  loss  due  to  rigorous  weather  on  large 
unprotected  areas.  The  straight  wild  hay  crop  matures  early  and  it  is 
difficult  to  prevent  its  going  into  the  stack  extremely  dry.  Such  feed 
is  not  conducive  to  milk  flow,  and  the  fall  and  winter  calves  often  have 


Fig.  17.    Old  Cows  Held  on  Pasture. 

a  hard  time  existing.  It  is  surprising  to  note  the  cold  weather  a  calf 
will  stand  if  its  mother  has  a  good  milk  flow.  Controlled  breeding 
would  possibly  correct  the  trouble  but  on  this  type  of  ranch  the  cows 
are  often  on  the  range  nine  months  out  of  the  year  and  the  practice 
would  have  to  be  initiated  by  all  cattlemen  in  the  section,  which  con- 
stitutes something  of  a  problem. 

Providing  supplemental  feeds  and  shelter  work  out  very  well  in 
some  instances.  Ranchers  who  have  roomy  sheds,  barns,  or  plenty  of 
brush  shelter  and  considerable  alfalfa  hay  have  calves  born  the  year 
round  with  excellent  results.  The  wild  hay  ranch,  lacking  such  facili- 
ties, necessarily  works  to  cope  with  the  problem  by  erecting  sheds  and 
providing  purchased  concentrates  such  as  oil  cake  to  make  better  pro- 
vision for  winter  calves.  Cows  ranging  out  nine  months  of  the  year 
are  wild  and  hard  to  handle  in  and  out  of  barns  or  sheds.  It  undoubt- 
edly takes  several  years  of  this  sort  of  handling  to  get  the  practice  to 
a  point  where  it  more  than  pays  for  the  added  cost.  In  years  when  the 
rancher  is  compelled  to  purchase  extra  feeds  the  transaction  can  be 
counted  on  to  cut  deeply  into  his  revenue. 

On  ranches  without  brush  or  natural  shelter,  where  considerable 
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tame  hay  is  grown,  some  operators  have  large  cow  bams  for  handling 
calfy  cows.  Not  infrequently  this  type  of  ranch  runs  the  cattle  on  the 
open  range  except  in  severe  weather.  During  cold  stormy  spells  the 
calfy  cows  and  weak  stuff  are  brought  to  the  ranch  for  feed  and  shelter. 
This  practice  increases  calf  crop  percentage  and  lowers  death  loss. 

CaLf  crop  is  a  vital  factor  in  the  cattle  business.  Too  often  cattlemen 
go  on  producing  without  paying  any  great  amount  of  attention  to  this 
important  item  and  within  a  few  years,  unless  they  have  a  very  low 
running  cost,  financial  embarrassment  and  failure  are  certain  to  follow. 

THE  PBODUOnON  COST  OF  CATTLE 

Cattle  production  costs  are  dependent  on  four  main  factors: 
Carrying  Cost  Per  Cow  Unit. 
Bull  Cost  Per  Breeding  Cow. 
The  Percentage  of  Death  Loss. 
The  Percentage  of  Calf  Crop. 

Cow  maintenance  cost  is  the  total  of  carrying  cost,  bull  cost,  and 
death  loss  per  breeding  cow.  Calf  cost  is  computed  by  dividing  cow 
maintenance  cost  by  calf  crop  percentage,  since  the  calves  produced 
carry  the  cost  of  all  breeding  cows.  Seasonal  breeding  is  not  practiced. 
Calves  are  dropped  the  year  round.  Accordingly  at  the  end  of  the 
year  calves  produced  during  the  year  average  six  months  of  age. 

Average  Costs 
Cow  Maintenance  Cost: 

Carrying  cost  per  cow $14.88 

Bull  cost  per  cow 1.79 

Death  loss  per  cow  (3  04%  x  $50) 1.52 

Total  cow  maintenance  cost $18.19 

Maintenance  cost  $18.19  divided  by  calf  crop  63.92%  equals  the  cost  of 
a  calf  at  six  months,  $28.46. 

The  production  cost  of  older  animals  consists  of  calf  cost  plus  carry- 
ing cost  and  death  loss. 

The  majority  of  ranches  produce  six  months  calves  at  from  $24  to 
$33,  the  average  being  $28.46. 

Two-year-olds  are  produced  by  the  majority  of  ranches  within  a 
cost  range  of  $42  to  $60,  the  average  being  $49.10. 

The  initial  calf  cost  is  a  very  important  item  in  cattle  production. 
By  noting  the  difference  in  calf  crop  percentages  with  practically  the 
same  cow  maintenance  cost,  one  may  readily  see  the  marked  influence 
this  factor  has  on  the  production  cost  of  a  calf.  For  instance,  ranches 
K  and  Q  have  practically  the  same  cow  maintenance  cost.  However, 
a  20  per  cent  difference  in  calf  crop  gives  a  difference  of  over  $7  in 
the  cost  of  a  calf. 

Providing  death  loss  and  bull  costs  are  normal,  low  calf  costs  are  the 
result  of  low  carrying  cost  coupled  with  a  medium  to  high  calf  crop, 
or  a  fairly  high  carrying  cost  coupled  with  a  high  calf  crop.  The  idcaJ 
for  each  ranch  is  to  hold  carrying  cost,  death  loss  and  bull  cost  as  low 
as  possible  and  still  get  a  good  calf  crop. 
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Ranch 
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E   

....  $9.97 

$0.60 

$1.29 

$11.86 

C    

....  10.74 

1.53 

1.21 

13.48 

N  

...  12.88 

.88 

.71 

13.92 

A  

...  12.42 

1.80 

2.65 

16.77 

V  

...  12.67 

1.85 

.70 

16.12 

P   

....  13.07 

94 

2.80 

16.31 

O  

....  18.78 

1.17 

2.88 

17.38 

z    

....  13.97 

8.78 

1.17 

18.87 

B   

....  14.10 

1.63 

1.78 

17.61 

F   

....  14.91 

.95 

1.28 

17.14 

K  

...  16.02 

.36 

2.16 

17.54 

Q  

....  15.40 

1.18 

.81 

17.34 

D  

...  16.84 

1.34 

2.10 

19.28 

X  

...  16.62 

2.60 

.85 

19.97 

J    

....  17.01 

1.34 

2.86 

20.70 

G   

....  18.69 

1.75 

2.08 

22.62 

H  

...  18.92 

1.27 

1.44 

21.63 

T   

...  19.16 

4.81 

2.49 

26.45 

1   

...  22.65 

1.65 

1.03 

26.38 

L   

..  .  23.02 

1.06 

2.09 

26.19 

Averasre 

....$14.88 

$1.79 

$1.52 

$18.19 

TASLE  NO.  11 
Variations  in  Production  Costs 

Calf  Cost  Cost  Cost 

crop              at  at  at 

per  cent  6  mo.  24  mo.  36  mo. 

60.68  $23.47  $87.27  $4S.39 

60.29  22.86  87.04  4S.g« 

68.18  23.98  40.14  o3.U 

64.90  30.56  49.50  64.92 

61.06  29.61  46.22  59.37 

60.26  27.07  46.30  61.9i 

68.72  25.21  45.83  61.75 

84.14  22.48  41.22  56.40 

72.48  24.18  48.92  61.0« 

58.06  29.62  49.94  66.41 

61.74  28.41  60.12  67.7S 

82.29  21.07  41.25  57.5« 

68.72  82.88  66.81  74.49 

78.16  26.65  47.32  G4.8S 

66.92  36.87  61.60  82.06 

70.88  81.77  58.42  80.11 

64.25  83.66  59.67  80.72 

52.68  60.26  80.67  106.50 

80.67  31.40  61.45  85.72 

58.22  44.95  78.16  105.17 

68.92  $28.46  $49.10  $65.82 


TASLE  NO.  12 

Average  Production  Costs 

Age                Cost  per  head  Lbs.  per  head  Cost  per  lb. 

0  months $28.46  370  $0,077 

12  months 34.64  525  .066 

15  months 37.73  605  .0624 

18  months 40.82  685  .0596 

21  months 44.96  800  .0562 

24  months 49.10  930  .0528 

27  months 53.25  1,000  .0633 

30  months 57.39  1,040  .0552 

36  months 65.82  1,100  .0598 

Table  No.  12  presents  the  average  production  cost,  average  weight 
and  average  cost  per  pound  for  the  different  ages  of  cattle.  The  age  to 
sell  cattle  is  when  the  animal  carries  the  most  weight  for  the  least  pro- 
duction cost  per  pound.  This  study  indicates  that  the  production  cost 
per  pound  on  the  average  ranch  is  least  at  24  months  of  age. 

However,  this  conclusion  is  not  applicable  to  individual  outfits 
because  variation  in  range  conditions,  carrying  cost,  calf  crop  and 
weights  are  reflected  in  cost  per  pound.  A  rancher  should  study  his 
individual  set-up  relative  to  costs  and  weights  and  thereby  determine 
the  best  selling  age  suited  to  his  operation. 

When  it  is  realized  that  these  costs  do  not  include  investment  interest 
a  comparison  with  average  market  prices  shows  the  narrow  margin  on 
which  such  cattle  producers  operate. 

GENERAL  DISCUSSION  AND  CONCLUSIONS 

Under  the  separate  accounts,  figures  and  factors  affecting  particular 
costs  are  presented.  A  general  discussion  of  interrelated  ranch  accounts 
follows : 

Size  and  organization  of  the  cattle  outfit  have  a  great  influence  on 
costs.  Almost  without  exception  outfits  running  under  400  head,  even 
if  properly  balanced  in  land  and  cattle,  have  a  high  carrying  cost. 
Volume  production  counts  in  the  cattle  business,  as  in  any  other.  The 
management  and  organization,  size  and  location  of  the  ranch  and  num- 
ber of  cattle  should  be  planned  to  constitute  a  balanced  operation. 
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Such  a  balanced  organization  can  be  perfected  with  a  medium-sized  or 
a  very  large  herd  of  cattle.  With  the  larger  outfits  the  complete  man- 
ag-ement  need  not  be  centered  in  one  man  as  long  as  there  is  sufficient 
interest  and  understanding  concerning  the  responsibility  of  those  in 
charge.  Economy,  efficiency,  and  volume  production  can  be  accom- 
plished with  multiple  management  where  one  partner  takes  charge  of 
the  ranch,  another  looks  after  the  cattle,  a  third  the  books  and  business 
transactions.  The  maximum  limit  on  the  number  of  cattle  for  efficient 
production  is  dependent  upon  management  and  the  service  capacity  of 
the  organization. 

Scattered  properties  are  a  handicap  and  should  be  avoided  if  possible. 
A  cattle  ranch  cannot  endure  long  if  loose  management,  haphazard 
methods,  and  indifference  are  allowed  to  creep  in.  Old  time  cattle 
ranches  that  weathered  the  storms  of  high  costs  and  low  prices  during 
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Fig.  18.    Beef  Steers  Enroute  to  Market. 

the  period  from  1921  to  1927  can  be  counted  on  to  have  fairly  substan- 
tial organizations. 

A  low  or  high  production  cost  is  not  necessarily  a  reflection  of  good 
or  bad  management.  For  example  an  exceptionally  good  manager 
operating  a  nicely  balanced  ranch  organization  in  good  range  country 
obviously  can  produce  cattle  for  much  less  than  he  could  with  a  poor 
range.  A  poor  range  or  one  with  a  short  season  of  range  utilization 
exerts  an  unbalancing  effect  upon  the  efficiency  of  producing  cattle. 
This  condition  is  reflected  in  higher  production  costs.  Such  a  range 
with  a  short  grazing  season  necessitates  providing  more  expensive  for- 
age, such  as  privately  owned  pastures  or  leased  areas ;  or  it  forces  the 
early  utilization  of  the  cut-over  hay  lands  when  they  would  otherwise 
be  held  in  reserve  for  late  fall  and  winter  forage.  Wlien  the  grazing 
resources  become  exhausted  the  feeding  of  hand  cured  forage  must  be 
started.  In  either  case  the  cost  of  maintaining  and  producing  all 
classes  of  cattle  on  the  ranch  increases,  due  to  added  grazing  costs  or 
the  long  hand  feeding  season  and  the  amount  of  expensive  feed  con- 
sumed. 
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In  one  locality  high  hay  production  cost  may  be  offset  by  the  small 
amount  required  per  cow  unit.  In  the  end  the  carrying  cost  may  be 
well  in  line  for  economical  production.  This  principle  applies  to  many 
of  the  accounts  which  contribute  to  production  cost.  Operators  are 
prone  to  become  most  interested  and  efficient  in  the  department  to 
which  the  ranch  best  lends  itself.  The  man  on  a  good  hay  ranch  is 
proud  of  it,  gets  a  good  yield  and  produces  it  very  efficiently.  While 
his  attentions  are  centered  on  one  department,  another  is  apt  to  be 
neglected.  A  ranch  manager  is  rarely  equally  efficient  in  all  depart- 
ments of  the  ranch.  He  takes  the  lead  in  the  most  important  work  at 
hand  and  sometimes  during  busy  seasons  puts  off  some  other  work,  or 
lets  it  slide  without  supervision.    Invariably  the  result  is  costly. 

Calf  crop,  death  loss,  weight  and  condition  of  the  cattle  are  directly 


Fig.  19.    GkHMl  Cattle  Range. 

dependent  upon  the  way  the  cattle  are  handled  and  cared  for.  It  is 
easy  to  understand  that  if  the  calf  crop  can  be  increased  without  mate- 
rially adding  to  carrying  cost,  this  will  speed  up  production  and 
increase  revenue.  With  the  average  calf  cost  $28.46,  it  is  clearly 
obvious  that  heavy  losses  are  often  sustained  in  the  sale  of  calves  or 
of  good  breeding  cows  in  calf.  With  few  exceptions  ranchers  do  not 
consider  the  costs  represented  in  unborn  calves  carried  by  good  brood 
cows  which  are  disposed  of  in  the  beef  herd.  Low  cow  unit  carrjnaig 
costs  and  good  calf  crops  are  essential  to  success  in  the  production  and 
sale  of  calves. 

More  feed  and  better  care  are  conducive  to  higher  calf  crops,  heavier 
cattle,  lower  death  loss,  and  greater  gross  receipts,  but  the  added  cost 
necessary  to  effect  the  change  should  be  less  than  the  addition^  reve- 
nue. Seasons  vary,  available  feed  supply  changes,  and  each  year  prac- 
tically every  ranch  is  confronted  with  a  different  problem.  Under 
these  conditions  definite  conclusions  with  positive  recommendations 
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^would  be  subject  to  question.  Cattle  fed  all  they  are  capable  of  con- 
suming will  eat  their  heads  off;  on  the  other  hand,  starving  a  bunch 
of  cattle  through  on  poor  range  and  scanty  winter  rations  is  likewise 
xinprofitable.  A  happy  medium  must  be  reached  for  each  ranch  which 
-will  jrield  the  best  return  for  the  money. 

As  shown  on  Charts  Nos.  8  and  10  the  largest  item  entering  into 
carrying  cost  is  feed.  Feed  cost  is  largely  dependent  upon  the  amount 
of  hand  feeds  and  the  grazing  expense  required  to  keep  cattle  in  reason- 
ably good  condition.  As  feed  cost  increases  carrying  cost  also  goes  up, 
and  higher  calf  crop,  better  quality  and  heavier  cattle  are  necessary 
to  offset  it.  Material  increases  in  carrying  cost  are  extremely  dif&cult 
to  overcome.  With  grazing  expense  and  other  conditions  equal,  the 
amount  of  hand  feeds  given  range  cattle  should  be  held  down  to  the 
minimum  quantity  that  will  carry  them  through  the  winter  months 
in  reasonably  thrifty  condition. 

It  is  significant  to  note  on  Chart  No.  11  that  as  carrying  cost  goes  up 


Fig.  20.    Poor  Cattle  Bange. 

cattle  production  costs  increase,  in  spite  of  higher  calf  crop.  Death 
loss  and  bull  costs  show  less  variation  and  influence  production  costs 
to  a  correspondingly  lesser  degree. 

Calf  crop  percentage  has  its  greatest  effect  on  the  first  cost  of  the 
calf.  A  comparison  of  Ranches  E  and  Q  on  Chart  No.  11  illustrates 
this  point.  Ranch  E  has  the  lowest  carrying  cost  of  the  entire  group, 
coupled  with  the  lowest  calf  crop.  Ranch  Q  has  a  carrying  cost  above 
the  average  and  a  high  calf  crop.    Their  production  cost  figures  follow : 

E  Q 

Carrying  cost^ $9.07  $15.40 

Bull  cost 60  1.13 

Death  loss  cost „ 1.29  .81 


Cow  maintenance  cost $11.86  $17.34 

Calf  crop ^ „ 50.53%  82.29% 

Production  cost  at  6  months $23.47  $21.07 

Production  cost  at  24  months 37.27  41.25 

Production  cost  at  36  months 48.39  57.50 

After  the  first  cost  of  the  calf,  carrying  cost  is  the  important  factor 
affecting  the  production  cost  of  older  animals.    Under  these  conditions 
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it  is  not  surprising  that  in  actual  practice  Ranch  E  has  found  it  most 
profitable  to  sell  mature  cattle,  while  Ranch  Q  makes  its  best  profit 
selling  calves. 

Accordingly  it  is  evident  that  carrying  cost  has  a  greater  influence 
on  production  cost  of  mature  cattle  than  calf  crop  or  any  other  factor. 
In  other  words,  a  low  carrying  cost  is  first  in  importance  in  range 
cattle  production. 

Natural  advantages  in  one  locality  are  often  offset  by  disadvantage^; 
which  balance  costs.  One  ranch  may  have  an  extremely  low  operating 
cost,  in  which  case  it  often  has  a  low  calf  crop  or  high  death  loss,  which 
increases  production  cost.  The  cattle  produced  are  likely  to  be  light- 
weight or  scrubby,  resulting  in  decreased  revenue.  Another  outfit  with 
a  very  different  set  of  conditions  may  have  a  fairly  high  operation  cost 
offset  by  a  good  calf  crop,  low  death  loss,  and  the  production  of  heavy 
cattle  of  good  quality. 

Each  operator,  by  experience,  has  to  determine  the  management 
practices  best  suited  to  his  ranch.  That  is  undoubtedly  why  cattle 
ranches  generally  run  behind  when  managers  are  changed  frequently. 
What  will  work  efficiently  on  one  place  is  often  out  of  the  question  on 
another,  and  to  make  blanket  suggestions  for  all  cattle  ranches  without 
reservations  is  indeed  hazardous.  The  best  that  can  be  done  is  to 
present  methods  which  have  been  found  successful  under  stipulated 
conditions.  Cattlemen  can  then  put  them  in  practice  if  their  local 
conditions  permit. 
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Costs  herein  cover  the  years  1928,  1929  and  1930.  High  wages  and 
peak  commodity  prices  prevailed.  High  operation  costs  ruled  during 
the  three  years  but  demand  and  prices  for  beef  cattle  were  good.  In 
1928  the  top  price  f .  o.  b.  loading  point  was  eleven  cents  for  range  steers 
and  nine  cents  for  cows.  In  1929  it  was  nine  cents  for  steers  and 
seven  cents  for  cows,  and  in  1930,  seven  cents  for  steers  and  five  cents 
for  cows. 

Articles  and  commodities  consumed  are  charged  at  purchase  price 
or  production  cost.  Depreciation  is  charged  on  items  of  inventory 
value. 

Some  price  examples  follow,  which  picture  conditions  during  this 
period: 

1.  Labor  (Ranch  wages,  board  and  lodging  found) — 

Common  ranch  hands $50.00  to  $60.00  per  month 

Irrigators ^ 60.00  to   75.00  per  month 

Top  cow  hands 60.00  to  75.00  per  month 

Hay  stackers. 3.00  to     4.00  per  day 

Hay  teamsters ~..-  2.50  to     3.50  per  day 

2.  Management  Salary — ^Unpaid  ranch  managers  are  allowed  a  salary 

comparable  with  paid  managers  holding  similar  positions.    The 
scale  for  ranch  managers  follows : 

Under     500  head  of  cattle $1,440.00 

500-  600  head  of  cattle 1,800.00 

600-  900  head  of  catUe „ 2,160.00 

900-1,400  head  of  cattle ^.-..    2,520.00 

1,400-1.900  head  of  cattle ^ 2,880.00 

1,900-2,400  head  of  cattle ^ ^ 3,240.00 

3.  Farm  Machinery — 

Mowing  machines $100.00-$110.00 

Sulky  rakes ^ 75.00-    90.00 

Buck  rakes 85.00-  120.00 

Spring  tooth  cultivators - 140.00-  160.00 

Light  walking  plows...„ 30.00-    40.00 

Manure  spreaders 185.00-  200.00 

Grain  binders 225.00-  285.00 

Hardware  and  repair  parts  proportionately  in  line. 

4.  Expeitoable  Supply  Costs — 

Flour ^ - $3.45-^.00  per  cwt. 

Cane  sugar 6.00-  8.50  per  cwt. 

Canned  goods ~ 2.50-  3.50  per  case 

Beans 7.00-  9.25  per  cwt. 

CofiTee 3a-    .50  per  lb. 

5.  Feed — Purchased — 

Hay $8.00-$12.00  per  ton  in  the  stack 

Cottonseed  cake 45.00-  65.00  per  ton 

Grain ^ 1.50-    3.00  per  cwt. 

Ranch  Produced — 

Hay......from  $3.74  to  $9.34  per  ton,  averaging  $5.63  per  ton 

Grain..>cost  figured  from  similar  data  applied  to  Nevada 
cattle  ranch  conditions.   The  price  is  $1.50  per  cwt. 
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6.  Cattle — Cattle  prices  were  established  on  the  basis  of  the  first 

year's  cost  data.  These  Values  are  held  constant  through  the 
study  for  the  purpose  of  computing  production  costjs.  Heifers 
are  considered  mature  at  two  years  of  age.  They  are  begmning 
to  produce  and  earn ;  hence  all  mature  cows  are  held  at  a  con- 
stant figure. 

6  months  calf $28.50 

YearUngs 34.50 

2-year-old  steers  and  mature  cows 50.00 

30  months  stock  steers 58.00 

36  months  beef  steers 67.00 

7.  Other  Livestock  are  valued  at  production  costs  computed  from 

similar  cost  data  applied  to  Nevada  cattle  ranch  conditions 
where  they  are  raised  in  small  numbers  considered  suflScient  tx) 
facilitate  better  operation  of  the  ranch  and  not  as  a  major  enter- 
prise. 

Horses  and  If M?e«....Mature  stock,  3  years  and  up $50.00 

2-year-olds 40.00 

Yearlings 26.75 

Suckling  colts 20.00 

Stallions  and  Jacka 200.00 

Sheep Mature  ewes 11.25 

Yearlings „ 8.75 

Lambs 6.25 

Bucks 15.00 

Hogs Brood  sows 8.40 

Shoats 5.00 

Pigs 2.80 

Boars ^ 12.60 

Poultry Chickens  and  ducks 75 

Turkeys  and  geese 2.75 

8.  Ranch  Produced  Food  Supplies  actually  consumed  during  the  year 

are  chained  at  production  cost,  computed  without  interest  from 
similar  cost  data,  applied  to  Nevada  cattle  ranch  conditions. 
Poultry  and  Dairy  Produce — 

Eggs $0.30  per  dozen 

Whole  milk 10  per  gallon 

Skim  milk 02  per  gallon 

Chickens  and  ducks 75  each 

Turkeys  and  geese 2.75  each 

Orchard  and  Garden  Produce — 

Potatoes $1.50  per  cwt. 

Apples 1.25  per  cwt. 

Root  vegetables 3.00  per  cwt 

Leaf  vegetables 4,50  per  cwt 

Meats —  Live  weiffht  Dxvssed  weight 

Veal $0.07  $0.12 

Beef 06  .12 

Pork 07  .10 

Lamb 085  .175 

Yearling  sheep 09  .18 
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